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is present in all parts of the ventricle. The same method was then 
used to determine whe the r the co rdination of th Ventre le Was rat 


pendent on nerve cells A cannula was tied into the ramus descen 


dens of the left coronarv artery not tar from the apex of th icit 


ventricle; and that part of the apex of the ventricle which could be 
fed through the cannula was excised and perfused with blood In 
a few moments regular and strong contractions setin. An hour and 
forty minutes latcr the apex was still beating, when the experiment 
was broken off. In another experiment the apical ten millimetres of 
a dog's ventricle was kept in) coordinated rhythmical contraction 
during several hou The contractions thus secured were not the 


( to changes in the perfusion blood or to the 0.8 per cent sox n 
chloride s tion th which the blood is frequently diluted; th 
contractions ar Uly mot rous on undiluted blood than on 
that containing normal saline solution They o¢ r also when t 
piece of ap fed in th ng animal with the wholly normal b 
supplied to the rest of the heart Thus a branch of the ramus de } 
dens the apical mon the anterior surface of th ft nt 
was fi | from its bed and an oval piece of the nt ir wall )- 
plicd by this branch was separated from the remainder of t n 
by an incision that ran parallel to th rface of the heart about f 
millimetres beneath t pel rdium Phe isolated piece mained in 
connection with th entricle only by a strip of p irdium s¢ il 
1) met lon hich ported the artes ind its a mpanvin 
veins, and was absolutely free of mu ir tissue; long-continued, spon 
tanco coordinated contraction ere obtained from this pi th 
rate being somewhat slower than that of the whole heart \s th 
ipical portion of thi ntric contains no net cells,’ these 
periments furnish concl proof that n ( sare not essential 
to the codrdinated contractions of the ventricl 

Phe problem of the dependence of the coordination of a singh 
ventricle upon nerve cells having been th . ed, the next question 
to be attacked vhether the remarkabl vnchronism of the right 
and left ventricle is also independent of net cell 

I was at first in doubt whether the apical halves of both mammalian 
ventricles could be made to beat together, beca the arterial supply 


rhythmic response of the ventricle to an abnormal constant stimulu 

is such that both ventricles cannot be fed very well through a cannula 

. Tl fact has | recently once mor trated by the reful work of 
OCHWA Archiv fur krosk iscl Anato | 
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Phe fact that an extraordinarily smal 
tween two picces of mammalian ventricle will suffice to maintain th 
synchronism of the two was confirmed by numerous trials on fift 


additional animals, three dogs and twelve cats. There can be n 
vt that the mammalian and the frog heart are alike in that a very 
small bridge of cardiac tissue suffices to carry the excitation way 
from one part of the heart to the neighboring parts. It is in the 
highest degree improbable that in all of the numerous instances cited 
here the heart nerves should take the extraordinary recurrent and 
roundabout course necessary for them to reach all parts of th 

zag preparation; the course of these nerves has in fact been 
frequently described —they de not present such extraordinary al 
errations. Unless we take refuge in unbridled speculation and sur- 


mise without real histological evidence that the cardiac nerves form a 


continuous net-work, there is little escape from the conclusion that the 
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with the rest of th ventricie Dut at a slower rate. 
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Similar experiments were repeated many times in the three cd 
and ten cats which served for this portion of the investigation | 
result has invariably been the same. Any part of either vents 
can be parated almost entirely from the contiguous portions with 
out interfering with the synchronism of the whol the d on can 
x completed on one side by an incision crossing the auriculo-ven 
ti lau roove without disturbing the synchronism; the remaining 
de can be reduced to a very small muscular bridge, and th part 
\ till beat in unison; but so soon as the brid destroved, th 
ynchronism is destroyed, although both portions of the vent 
pe their normal connections with the auricl Very ircly 
only once in my numerous experiments ynchron eat 
n the two portions of ventricle may indeed be witn d, but t 
observer will readily percelve that th are chance coinciden f 
two separate and variable rhythms experiments of th ort t 
fore ea negative reply to the question whether the ventricl i 
be coordinated through the aur . 

Phe procedure just described open to the objection that t 
auricle and ventricle as a rule did not beat in their normal sex T 
in these experiments, indicating perhaps that the conduction a 
the auriculo-ventricular groove was more or less at fault. Thus tl 
failure of the auricle to coordinate the ventricles might p bly b 
dl to a disturbance of conduction between auricl nd tric 
The method should maintain the normal sequence: f contraction 
Only when the isolation of a portion of the ventricle does not disturb 
the normal sequence between the auricles and the remainder of t 
ventricle can we be sure that th dependent beat of the scparat 
part is not caused by a general failure in conduction from auricle to 
ventricl objection is \ d: we cann be sur th 1 t 
probability of error, considering the number of obs ition not 

reat Phe method should be improved. 

The necessary improvement in the mi thod was secured in the fol 
OWING wat 


Experiment D mober &, ISDS. \ cat ancesthet 1 wit ether was bled fro 
the left carotid artery, but not to excess, and the oor dded to that « ct 
from two other cats. The animal was now tracheotomized, artificial respit 
The di re mentioned is not due to a reduction of vitalit e ex H 
CeSSIN bleed got thea mal before the ex riment I ill th later expel h S 
the greater part ot t Oo vas obtaines from one t val and the eart to] 
perfused was taken tro ifresha mal, from h very litt lood is draw 
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venti 
cles and t r CUulO ul n t \ 
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\ | r ul i 
Obviously in this experiment there can be no tion of the 
nection of the isolated portion of the right vent th t 
is left untouched; the remainder of the venti yeoaut 
vith the auricles; it cannot bi Iipposed. that to 1 
portion was instantan lost in con 
chanical injury of an operation repeatedly sl n not t nt 
consequences; the sections made in th ind p 
n r interfered with coordination o1 quen thev cor 
th paration of one portion of th ntricl { mt ! t { t 
ventricular mass; it mav be mentioned, al that t tect 
observed been due to mechan they ld 
1 Miss I. H. Hype: ‘1 rnal, rS9Qs, i, 
Phe bloo mtained some per cent Te chloride t it 
e remarked once T at undiluted blood will serve, t . ent 
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themselves on both sides of the incision instead of only on the side 


separated; the cause of the alteration in. the separated portion can 


not, then, be mechanical injury Phe experiments demonstrate that 
any portion of the ventricle will beat synchronously? with any othe: 
portion, so long as the two are connected by muscle tissue, but that 


synchronism immediately fails when the muscle bridge is broken, in 


spite of the fact that both portions may retain their normal conn 


nnec- 
tion with the uninjured auricles. Further than this it would be unsaf 
to venture The facts in our possession do not pernut a positi 
tatement as to the nature of the coordination impulse, and it i 
undesirable to add another speculation to the mass with which th 
physiology of the heart is cumbered 

Qn the same day two other instructive experiments of this kin 
were performed In the first of these the isolated portion of th 


port 
right ventricle beat with the same frequency as the remainder of th 
with a ditterent rhythm; the beats were not synchro 
with the other portion of the ventricles. In the last of the thre« 
experiments, the isolated portion of the right ventricle continued to 


beat as if nothing had happened; the synchronism of the two por 


tions of the ventricles was unchanged. Phe exception, however, 
proved the rule, for post mortem it was found that the first incision 
that made along the left anterior border of the right ventricle — had 
not entirely severed the tissues near the auriculo-ventricular groove 


a few muscular fibres still connected the apparently isolated porti 


with the rest of the ventricle. 
It is true that the result here recorded is in some degree a negative 
one Yet the number and character of the experiments seem to leave 


no room for doubt, and I do not therefore hesitate to conclude that 


“he synchronism of the ventricular contractions ts neta function of the 


auricles but ws a bj Lh Tentricles Themselves. 


SUMMARY. 


1. The synchronism of the mammalian ventricles is not dependent 
on nerve cells. 

>. The synchronism of the mammalian ventricles is probably main- 
tained through muscular and not through nervous connections. 

3. The synchronism of the ventricular contractions is not a func 


tion of the auricles but is managed by the ventricles themselves. 


1 It is of course understood that time is required for the excitation to pass from 


one part of the ventricle to another, — the synchronism is r lative, not absolute. 
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In connection with the data obtained, Asher and Barbera point 
out that the curves plotted to indicate the changes in the composition 
of the Iymph from hour to hour show a striking similarity to thy 
obtained for the hourly nitrogen e me urine after meals; ! 
ind the authors are inclined to , to the correspond 
cence between the curves. 

In support of earlier experiments * demonstrating that n man 
the absorption of in ted proteids is not ordinarily a function of th 
lymphatics, 1. Mun! has published a brief review of the experiment 
of Asher and Barbera Ile points out that the total proteid fou 
the Ipmph during the six hours of the absorption period exceeds the 
proteid in the hunger-lymph, calculated for an equal period, by only 
1.405 crams, 7. <¢., 

| ryt p4y 

n to lymphat 14 
Of the two hundred grams of proteid introduced into the dow’s 
stomach, one hundred and thirty grams were recovered at the end 
of the experiment. .Accordingly, since seventy grams of the albumin 
introduced had disappeared from the alimentary tract, the additional 
quantity of proteid found in the lymph during six hours of absory 
tion corresponds to only 6.4 per cent of the prqteid absorbed. In 
other words, 93.6 per cent of the material ablorbed presumably 
passed into the circulation by channels other than those leading to 
the thoracic duct Munk further points out that these results wet 
obtained with excessive quantities of proteid: two hundred grams 
being given to the dog at one time. 

I ha repeated the experiment of Asher and Barbera with mod 
fications in two respects. First, a smaller quantity of proteid v 
fed; and secondly, the proteid employed was a readily soluble on 
Witt pepton ” Which previous experience had shown to be 

itisfactorily utilized by dogs.4 gastric fistula had been made 
on the 14-kilo animal several months previously. The wound wa 
Cf. TSCHLENOFF : Correspondenzblatt f. Schweitzer Aerzte. 1896, p.1: VERA 
GUTH: Journal of physiology, 1897, xxi, p. 112; Hopkins and Horr: 1895, 
271; Schaefer's Text-book of physiology, 1898, 1, p. 585 
MUNK and Virchow’s Arch. f. d. exper. Pathologie, 1891, 
CXX {Qo 
I. Munk: Centralblatt fur Physiologie, 1897, xi, p. 585 

Cf. MENDEL aml JACKSON: This journal, 1898, ii, pp. 10-11. 
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TABLE OF ANALYSES OF LYMPH 


r cent grams percent grams 


O.O609 0.45 


nph during the absorption period amounted to 0.374 gram; 


the nitrogen-content of the starvation lymph (1.), calculated for an 


i 


qual period, would amount to 6 X 0.0609= 0.365 gram. The ditfer- 
ence between these figures —0o.0o88 gram N.= 0.053 gram protceid 
vhich may be attributed to the proteid absorbed, is insignificantly 


small in amount, and is far smaller than the corresponding figure 


obtained by Asher and Barbera with a considerably larger quantity 


of proteid. Neither t total quantity of lymph collected nor the 
percentage of proteid present was increased during the six hours of 
absorption 
With reference to a possible correspondence between lymph flow 
and urea excretion after proteid absorption it may be remarked that 
iccording to Tschlenott — if peptone is ingested instead of ordinary 
proteids, the maximum urea excretion is reached in the second hour 


o emphasize the comparison — as Asher and Barbera have don 


between the Ivmph flow and the urea excretion observed in quite 
different experiments seems to me of doubtful value; for the lympn 
flow is readily influenced by purely mechanical factors. Thus it 


quite possible 


that in my experiment movements of defecation 


observed in the dog in the 6th hour may explain the increased flow 
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of lymph unaccompanied by any alteration in t reent fy 
teids; just as slight pr ure on the abdomen { 
an increase in the tlow. 
Asher and Barbera?! have formulated the tl ry that t 
a product of metabolism in tl inds of the body, a t 
attempted to demonstrate that the Ivmph nel 
Where there is accelerated indular activity | f t 
accomplished by the alimentary epithe mal { ( t 
digestion and absorption of proteids, t ! 1 ( that 
increased flow of Ivmph should result after prot { 
present experiment with “ pcpton” fa ito y 
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thy rv that n pron need mer ein #7 ‘ 
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Pc] 
slight under the conditions. Such, at | t { 
which thev have applied to the absen lerated lyt 
carbohydrate nutrition. 
The results of the absorption experiment with 1 lerat { 
of a soluble proteid { to n 
cumstances by far th reater share in the pr must st 
delegated to the capillar of the vill. 
1 ASHI BARBERA: Zeitschr Biol 
International | cal Congre Cent 
| 4 
| 


A CHEMICO-PHYSIOLOGICAL STUDY OF CERTAIN 
DERIVATIVES OF THE PROTEIDs. 


By R. H. CHITTENDEN, LAFAYETTE B. MENDEL, ann YANDELI 
HENDERSON 


CONTENTS 


] i] iva I pr 1 
i 144 
) I 
Int i 
] i m i 
g 
\ 
W I 
} 
I i 
\ ulka 
I 


_ marked activity which has characterized the study of the 


proteids and their primary digestion or cleavage products dur 


ing the last decade has been especially manifest in two distinct dire 
tions. In the first place, effort has been directed toward a study of 
th rious transitions which these substances undergo in the 


phases of digestion and nutrition, with a view to obtaining cleares 
insight into the genetic relationship of the various chemical product 
ind incidentally into their chemical nature. In the second place, 
much attention has been given to a study of the physiological action 
of the more characteristic products of gastric and pancreatic pro 
lvsis, and more especially the behavior of these products when 

| 


han the gastro 


introduced into the system through channels other t 
intestinal tract. This latter phase of physiological research has been 
carried out in the majority of cases with a mixed product resulting 


from the digestion of blood-fibrin with gastric juice, known as ‘ Witte’s 


| 

from f / Chemistry, Yale l 

f t D neutt 

\d i 


which these latter investigations ha reated It 


call the fact that the more important 

SO-Ca ed ton \ n int 
were made by Schmidt-M n 
: he results they obtained h b 
mented by certain later obs« ) 

be briefly mma las f | 
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stant, and have been I thor 1 

These statements will, be re 
expressin ( tablished truth Phere ren 
number of problems to the lution of 1 of 
mental work of this paper is directed. Th t 
\re the various physiological result fall of 
of blood coagulability, Ivmphagogic influence 
related or independent phenomena? Is the infl 


rectly upon the blood or indirectly through spe 


Are all organisms equally susceptible to the 
effects produced common to all decomposition o1 


What light do the phenomena throw 


of proteids ? 


abnormal processes in the body ? 


1 SCHMIDT-MULHEIM: Archiv f. Physiol... 188 
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Such are some of the problems presented. Recent work by 
I | ya 
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number of investigators, however, has thrown leht in many dire 


tions and revealed a multitude of facts which promise advance in th 


particular field. Still, few investigators have attempted to use for 
study more characteristic or more definite chemical products than 
the earlier workers had at their command, or where this has been at 
tempted there has in ine ca it least existed a certain degree of F 
ind liten concerning the exact nature of the substances em 
ployed. ‘This is the more to be regretted as there are many facts 

hich tend to show that the primary cleavage products of the pro- 


fso one might naturally look for pronounced \ itions in physio i 
locical beha ! t fortunately happens that previou 
experimental data ob led with ited proteose nd peptones are 
Irequently « nt or entirely wanting on many nts of interest 
Wweth Ou ob \ } oft pro 
+] | +] +] 
teid clea e produ nthe hoy hat they may contribute some 
what to i bre } 1 ind mo con kn | oft th ubject. The 

ral pi have made of fully described as re rds 

mi f prepa 1, con tion, and chemical characters in an 
other section of th APC! Their phy ical action is described 
In the ftoliowing pa 
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Technique. — Our experiments were carricd out exclusively on dogs f 
The animals were made to fast for at least twenty-four hours previous 
to the op { pP! dut they 1 n { dbva b tancous 
injection of morphine mixed with at In nd an re of chloro- 
form and eth i\dminister durin the Op nterfterence 
ind at other times when necessary \rterial ] ure V recorded 
by a mercurial manometer connected with the carotid, or femoral 
arterv, and the injections were made into one of the facial veins from 
a burette attached to a glass cannula. Intervals of one second wer 
recorded beside the blood pressure curve by means of a metronome 
time-marker. In observing the rate at which the blood coagulatec 
portions were drawn from the right femoral artery Che cannula wa 


removed after each withdrawal of blood and thoroughly cleansed, 


and the blood was allowed to es« ape lor a se ond or two before the 


teids may differ from each other in their chemical constitution, and 
THE PHYSIOLOGICAL EFFECTS OF SOME CLEAVAGE PRODUCTS 
OF THE PROTEIDS WHEN INTRO ED DIRECTLY INTO THE 
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Heiden! 
rot 
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th 4 
to th through recent 
l-urthermore, been impt th tl 
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Chittenden, Mendel, and Henderson. 


hich w nared with oy t re rdine t 
which were prepared with great Care according to 


tailed in tne second part of this pape 
Antialbumid (A), formed from coagulated egg-albumin by the action of dilute 
sulphuric acid at 1 ( ind pur d by dig on W | cid, ete 
Antialbumoses (1 formed by t t { vit 
tric 
Antialbumos (¢ for 1 by t gestion of t ) n with 


{ntipeptor formed by digestion of antialbumid wit creatic Juice 
l i 
Antialbumid more form, separating trom an all ition 
ot the a t mick W clted to panct digt 
Antialbumid (k), prepat from cryst l ed n by the action of dilute 
Hemialbumoses (G), forn ft hn coag ted egy-alpum iphuric 
acid. 
Fletervalbum H), for nas r manner 
Hemipepione (1), formed by the same n od as t mialbumos« 
Protogelatose (J), formed trom pure gelatin by gastric digestion. 
Deuterogelatose (KK), formed by pancreatic digestion 
Gelatin-peptone (1). formed by pancreatic dige 
1dbumose-like body (M), formed from coagulated egg-albumin by the action of 
dilute sulphuric acid at 1 ( 
Influence on blood pressure. Che first more compre hensive and 


systematic study of the physiological action of proteoses and pepton 


individually was made by Grosjean.' This investigator prepared the 3 


several products from blood-fibrin by artificial gastric digestion, using 
the methods of Kiihne and Chittenden in isolating and purifying the 


mixed proteoses and peptone lwo products only were prepared: 


?.¢.,* propeptone,” a varying mixture of primary and secondary pro 


teoses, and “ peptone” or amphopeptone. These products were in 
troduced intravenously into the circulation of dogs and other animals, 


and arterial blood pressure registered. Grosjean concluded from 


his x pe riments that propeptone troduced into thre ulation 


causes a considerable fall of arterial pressure, the depression occur 
ring at once after the injection and quickly reaching its maximum 
Further, the extent to which arterial pressure is lowered is apparently 


hen the latter amounts 


not influenced by the size of the dose, except w 
to less than 15 centigrams per kilo of body-weight, in which case thi 


1 GROSJEAN: Archives de biologie, 1892, xii. This paper contains reterences 


to the earlier literature 


sure, however, soon returning to the normal 


Thompson 


has invest ted the iction of Witt rept 
on the vasomotor system, and more recently th tudy has been 
extended? to include the action of pu pepton ! tone, and 
deuteroalbumose, although the details of thy itter experiment 


have not yet been published The results obtained agree in a neral 
way with those already recorded by Grosjean. They indicate, how 
ever, that smaller doses of these products than ha nerally been 
suppo ed, suffice to produce phy iological effect It furthermore 


definitely shown that lowering of arterial pressure is due toa vascular 


1 ARTHUS and Hupet Archives de phvysiologie, 1896, p. 
CHITTENDEN, MENDEL, and MCDERMOT1 It vurnal, p. 256 
"THOMPSON: Journal of physiology, 1806, xx, p. 45 

* THOMPSON: Interim report of a committee consisting of Prof ! fer, 


Sherring 
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dilatation as the result of a peripheral or local action on the blood 
vessels. No central nervous influences could be demonstrated. This 
vasomotor action is not confined to the splanchnic area, but is com 


mon to all the blood vessels, and is exercised presumably upon the end 


ings of the vasomotor nerves and on the muscles of the blood vessels, 

the decreased irritability of the neuro-muscular apparatus making 
the latter incapable of responding to the normal vaso-constrictor 
impulses. In addition, it is to be noted that Thompson observed 
that deuteroproteose produced a far more profound and enduring 


influence on arterial pressure than pure peptone, but less so than 


the same dose of Witte’s “ pepton.” Tlence, deuteroproteose cannot 
be regarded as the most potent constituent of Witte’s ** pepton;” a 
statement which agrees with Pollitzer’s! observations Lastly, in 


agreement with other workers ( Pollitzer, Spiro, and Ellinger=) Thomp 


son found that antipeptone contrasts very noticeably with the othe: 


products of proteid digestion studied in its action on blood pressure. 
The fail of pressure produced was temporary at most. 

Our experiments on blood pressure, the results of which are 
summarized in the following table, indicate that antialbumid, a 
product whose physiological action has not heretofore been investi 
gated, agrees with the antipeptone derived from it in producing com 
paratively slight effects on mean arterial pressure. In like doses, 
however, antialbumid is somewhat more vigorous in action than 
antipeptone. Further, it is evident that antipeptone derived from 
antialbumid produces essentially the same results as antipeptone 
formed by the direct action of pancreatic juice on a natural proteid 
Antialbumoses, on the other hand, act most energetically in lowering 
blood pressure. In no case was a return of mean arterial pressure to 
the normal observed within an hour after injection of the various 
albumoses studied. The same was true of the hemialbumoses. Thx 
albumoses of different origin act qualitatively and quantitatively alike 
in great degree, heteroalbumose being apparently most vigorous in 
its effects. This corresponds with the observations of Pollitzer,’ and 
we are inclined to attribute the pronounced effects produced by 
Witte’s “ pepton” to the considerable admixture of heteroproteose, 


which it has repeatedly been shown to contain.* 


! POLLITZER: Journal of physiology, 1886, vii, p. 283. 
2 Spiro and ELLINGER: Zeitschr. f. physiol. Chem., 1897, xxiii, p. 1 


4 


POLLITZER: Joc. cit. 


4 KUNE and CHITTENDEN: Zeitschr. f. Biologie, 1884, xx, p. 1 
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obtainable, and even with this quantity the pressure again resumes its 
normal within an hour. ‘These facts seemingly suggest more or less 
pronounced difference in the chemical structure of the proteose and 
peptone molecules, a point which we have taken occasion to 
emphasize in other connections.) 

The experiments with protogelatose and deuterogelatose in agree- 
ment with the observations of Arthus and Huber, fail to show any 
such marked influence as is obtained with the corresponding albu- 
moses. True gelatin-peptone, on the other hand, approaches hemi- 
peptone and antipeptone in the intensity of its action. The great 
ditference which the albuminoid products show, quantitatively at 
least, in contrast with the derivatives of the native proteids serves 
to emphasize the other striking differences between gelatin and true 
proteids as regards physiological equivalence.* 

Lastly, attention is directed to the slight initial rise in pressure 
immediately succeeding the injection of the various substances into 
the circulation as shown in the tracings. This rise, which is un- 
doubtedly due to the rapid entrance of the fluid into the vascular 
system,” gives evidence of the rapidity with which the injections were 
carried out. This fact is not without significance, since the variation 
in effects of intravenous injections of proteoses has been demon- 
strated (cf. Thompson, p. 119) to be dependent in part on the ra- 
pidity of the injections. It seems reasonable therefore to assume that 
the intensity of vasomotor effects is not so much a function directly 
of the absolute quantity injected as of the quantity in the circulation 
per unit of time, or in other words, of the concentration of the sub- 
stance in the blood. 

The accompanying blood pressure tracings have been selected from 
typical experiments. They were recorded with a mercurial ma- 
nometer, as already described. The time is recorded in seconds, and 
the line of zero pressure is likewise recorded. The curves all read 
from right to left, and only such portions have been reproduced here 
as furnish evidence of the observations discussed in the preceding 
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1 CHITTENDEN and MreNpbEL: Journal of physiology, 1894, xvii, p. 78. CHIT 
TENDEN Digestive prote olysis, ISO4, Pp. 42. Also recent papers from Hofmeister’s 
laboratory. Zeitschr. f. physiol. Chem., 1897-05. 

2 Cf. I. Munk: Archiv f. d. ges. Physiol, 1894, lviii, p. 309. Also MENDEL 


and AC KSON: This journal, vol. il, p. 


3 Cf. THompson : Journal of physiology, 1896, xx, p. 455. 
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Contejean,! Gley and Pachon,? and especially through the researches 


of Delezenne,’ the seat of formation of the anti-coagulating substance 
has been delegated to the liver, and the important rdle which the 


leucocytes play in this action has been demonstrated by Delezenne 


(1898). The explanation formulated at present is as follows: It has 
long been known that the intravenous injection of * peptone” leads 
to a pronounced disintegration of leucocytes. Delezenne assumes 


that this process is accompanied by the liberation of two classes of 
products, the one accelerating and the other inhibiting blood coagu- 
lation. As types of such bodies, the researches of Lilienfeld? and 


others have indicated nucleoproteids, which give rise to intravascular 


clotting, and histon, a peculiar peptone-like body occurring in leu 


cocytes in the compound nucleo-histon. When these two classes of 


compounds (clot-retarding and clot-accelerating substances) are 


formed incidental to the breaking down of the leucocytes, the liver in 


its protective rdle preserves the organism from destruction through 


intravascular clotting by combining with the clot-accelerating sub 
he blood loses compl tely 


Vesseis 


stance. A condition thus results in which t 
or partially its power of coagulating on withdrawal from t 
The relative réle of liver and leucocytes is demonstrated by the fact 
that if a solution of peptone is passed through an excised dog’s lives 
a fluid results which readily produces “peptone” effects when 
injected into the circulation of a dog. If, however, the liver is 
previously freed from blood by lavage through the vessels no clot- 
retarding fluid can be obtained in the manner described. Delezenne’s 
theory therefore implies the existence of two substances antagonistic 
in their influence on blood coagulation, — a condition which Spiro 
and Ellinger® had previously regarded as probable. These latter 
investigators observed that the injection of acids or of antipeptone 
overcomes the clot-re tarding power of albumoses, while Dastre and 
Floresco” had previously called attention to the increased alkalinity 
of “ peptone plasma” and the influence of neutralization in inducing 


1 CONTEJEAN: Archives de physiologie, 


GLeY and others: /4/7¢. It is to be noted, however, that Starling (Journal 


of physiology, 1895, xix, p. 15) has not been able to confirm part of these experi- 


ments 
8 DELEZENNE: Archives de physiologie, 1897, p. 646; 1898, p. 508. 
4 LILIENFELD: Zeitschr. f. physiol. Chem., 1895, xx, p. 89. 
> Sprro and ELLINGER: Zeitschr. f. physiol. Chem., 1897, xxiii, p. 121. 
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DASTRE and FLoresco: Archives de physiologie, 1897, p. 216. Also FLO 


RESCO: Jbid., 1897, Pp. 777- 
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TABLE SHOWING EFFECTS UPON THE COAGULATION 


BLOOD. 


The data presented show (1) That in doses of 3 decigram 


body-weight the albumoses, both hemi and anti, irresp: 


mode of formation, immediately cause suspension of coa 


at least 24 hours, even in blood withdrawn one or tv 


ter the injection. (Iexper. I-VIL.) 
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characteristic fall of arterial pressure and the accompanying lack 
of coagulability are entirely independent phenomena. The former 
is doubtless due to a direct and immediate action of the peptones 
and proteoses on the neuro-muscular apparatus of the vessels, whil 
the latter 


Thus we 


yhenomenon stands in no causal relation to the arterial fall. 


1 
} 
i 
1 
i 


wave Observed in many experiments an entire absence of 
diminished coagulability, notwithstanding a pronounced fall in pres 
sure. (Cf. experiments on peptone, gelatoses, and gelatin-peptone. ) 
Ledoux? has arrived at a similar conclusion, and Thompson* has 
found that a dose of Witte’s “ pepton” entirely insufficient to retard 
coagulation may still lower blood pressure, —as Fano‘ had _ pre 
viously found to be the case in general with acid-albumin. Finally, 
Dastre and Floresco’® have quite recently demonstrated that intrave- 
nous injections of bile may entirely prevent the action of proteoses on 
blood coagulation without interfering with the fall of arterial pressure. 
Immunity. — Since the experiments of Schmidt-Milheim® and 
more particularly of Fano,’ it has been known that an intravenous 
in} ctl of so-called “ peptone ( propeptones ) which suffice to 
render the blood non-coagulable for a time apparently confers 
the animal a degree of immunity against subsequent injections of 
‘ peptone. lor example, if after the return of normal coagula- 
ility to the blood a second injection of albumoses is made, the latter 


now fails to deprive the blood of its ordinary extravascular clotting 


power. Furthermore, Fano demonstrated that an injection of tryy 
tone (antipeptone from pancreatic digestion) which is without influ- 
ence on the coagulation of the blood, nevertheless may render the 
dog immune against subsequent injections of albumose-peptone 
Spiro and Ellinger ave likewise found that injection of ant 
peptone has an antagonistic influence on the action of Witte’s 
* pepton” on blood coagulation. Grosjean” in his comparative study 
of the physiological action of propeptone and peptone reached the 


following conclusions: A second injection of propeptone is without 


see also ARTHUS a1 
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to a large number of substances, ¢. ¢., urine, bile, salts of iron, calcium 
chloride, ete. 

Influence on lymph-flow, ete. — Since Heidenhain’s! masterly re- 
searches on the action of lymphagogues there has been, so far 
as we recall, no attempt to compare the lymphagogic action of the 
individual proteoses and peptones. It is well known that various 
substances which prevent clotting of the blood simultaneously increase 
the flow of lymph from the thoracic duct; the substances studied, 
however, have been for the most part merely extracts of various 
organs and tissues (leech-extract, extracts of crayfish and mussels). 
AV systematic study of the active constituents of these extracts would 
be of great interest. 

Phe following table contains the results of several of our experi 
ments on the action of certain specific proteid and albuminoid deri- 
vatives on the flow and composition of the lymph. All the animals 
experimented on were dogs, and were deprived of food for 24-36 
hours prior to the experiment. 

The results of our experiments justify the following concl 

(1) Antialbumid, hemipeptone, heteroalbumose, and deuterog 


tose may act as true lymphagogues. This is demonstrated 
by the marked increase produced in the flow of lymp! 
thoracic duct, but likewise by the characteristic changes re 
the composition of th id, namely, increase in total solids, th 


content remaining constant . In eve ry Case where 


of lymph occurred, the fluid grew slightly reddish in color and its 


clotting was markedly delayed, —two phenomena characteristic of 
“Ivmphagogic lymph 
) In every case where the lymph was thus diverted from 
al circulation the clotting time of the blood was only slightly, 
all, affected by the injection, while the coagulability of 
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our own, on dogs with the thoracic duct cannulized.! In other 
words, the observations lend favor to the view that the anti-clotting 
substance is formed in the liver and reaches the blood mainly through 
the Ivmph. 

(3) A second injection gives rise to a marked renewal of lymph- 
flow, independent of any action on blood coagulation. The two Ex- 
periments NXT and NXIX do not, however, permit the immediate 
conclusion that the lymphagogic action and clot-preventing phenom- 
ena are entirely independent,* inasmuch as the diversion of the lymph 
from the circulation may prevent the anti-coagulating substance from 
reaching the blood Since some dogs are naturally immune to 
albumose injections, no far reaching conclusions can be drawn from 
the data at hand. 

(4) Ordinary doses of deuterogelatose (0.3 gram per kilo) give 
rise to no marked lymphagogic action, large amounts being required 
to produce characteristic effects. This corresponds with the other 
observations made on the physiological action of this substance. 
With heteroalbumose, lymphagogic action is as strongly marked as 


the action on blood coagulation and arterial pressure alread 


noted. 

(5) Previous injection of hemipeptone or deuterogelatose is en- 
tirely without influence on the lymphagogic action of heteroalbu- 
mose; the li - producing a marked increase in the flow of lymph 
when injected a short time after the action of the primary substances 
has ceased. 

Influence on the flow of urine, ete. —In conformity with previous 
observations our results, shown in the following table, lead to the 
conclusion that the albumoses, owing to their marked influence in 


lowering blood pressure, tend to cause a complete cessation of the 


flow of urine. With heteroalbumose, however, the results seemingly 


justify a somewhat different conclusion. Thus, in three experi- 


ments, (NXNNXI, NXIV, and XNXINX) some hours after the animals had 
received injections of substances which act as diuretics and lympha- 


1 Spiro and ELLINGER: Zeitschr. f. physiol. Chem , 1897, xxiii, 135. 
2 Ct. STARLING: Journal of physiology, 1893, xiv, p. 140; also GLEY and Pa- 
CHON: Archives de physiologie, 1897, p. S61 
ASHER and BARBERA (Zeitschr. f. Biologie, 1898, xxxvi, p. 154) have put for 
ward the opinion that lyvmphagogues are substances which stimulate the activity of 
various organs and especially glands. In agreement with this view they find that 
“peptone "is an active “ cholagogue.” Starling and others, however, have ques 
tioned this conclusion. See Proceedings of Fourth International Physiological 


Congress. Centralbl. f. Physiol., 1898, xii. 
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is truly due to the presence of an enzyme our re 
In this connection it wil * remembered that 
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the substance appeared 
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ver from this laborat 


formed thi 
markedly elimin thi 
statement being based upon thi 
by the urine In conformity wit] 
the present experiment 
after the intravenous injection 
the urine could not be detect 


this fact is to be taken as an indication of thei 
urine in the form of amido-acids, etc., formed 


action in the kidneys, or whether it 
place elsewhere or to a storing up within the body 
1 HOFMEISTER: Zeitschr. f. physiol. Chem., 1881, v, p. 131 
2 NEUMEISTER: Zeitschr. f. Biologie, 1887, xxiv, p. 287 
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OBSERVATIONS ON THE CHEMICAL NATURE AND GENERAL PROp- 
ERTIES OF THE PROTEID CLEAVAGE PRODUCTS USED IN THI 
PRECEDING IEXPERIMENTS. 


Among the many earlier results obtained in the attempt to throw 
light upon the chemical nature of the proteid molecule those recorded 
by Schutzenberger! were particularly suggestive, especially from a 


physiological standpoint. The breaking down of the proteid mole- 


cule into two equal parts by the action of 3 to 5 per cent sulphuric acid 


at 100 C. naturally suggested the possible existence of two distinct 
groups in the mother proteid; a suggestion which was intensified by 
the observations of Kuhne? that these two cleavage or alteration 


products behaved quite ditterently toward alkaline pancreatic juice. 


Schutzenberger through his hydrolysis of coagulated egg-albumin 


by dilute sulphuric acid obtained an insoluble residue ¢ 


jual to about 


50 per cent of the original proteid, to which he gave the name of 
hemiprotein, while the 50 per cent of soluble matter was represented 
by a row of substances among which leucin, tyrosin, peptone, and 
albumoses (as now termed) were conspicuous. As Schutzenberges 
pointed out, it was quite evident that these latter products resultin 
from this hydrolysis represented a half of the proteid molecule much 
less stable than that portion of the proteid from which the so-called 
hemiprotein was derived. This more readily decomposable half of 
the proteid he considered as represented by a body which he termed 
hemialbumin, and which by continued hydrolysis gave rise to peptone 
and amido-acids Phese conclusions were veriticd in part, and ex- 
tended by Kuhne in his study of the action of the proteo 


upon these two bodies; 2.¢., hemiprotein and hemialbumin, Lhe 


vtic enzymes 


former was found to be slowly digestible by pepsin-hydrochloric acid, 
kaline pancreatic juice it was eventually transformed in 


] , 
Willie by all 


great part into a peptone without any trace of amido-acids being 
formed. In other words, the substance was remarkably resistant to 
that secondary action of the pancreatic enzyme by which pancreatic 
proteolysis is especially characterized. On this account Kuhne sug 


gested the name of antialbumid as more expressive of the general 


1 SCHUTZENBERGER: Bulletin de la Société chimique de Paris, 1875, xxiii, and 
KUHNE: Verhandl. d. Naturhist.-Med. Vereins zu Heidelberg, 1877, i, p. 23¢ 
KUHNE and CHITTENDEN: Zeitschr. f. Biologie, 1883, xix, p 159. 
KUHNE and CHITTENDEN: (oc. cét. 
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indicating physiological differences of some moment and are thus of 
value. Certainly the view at one time suggested that an anti body 
contained no aromatic groups capable of yielding tyrosin under any 
conditions is not tenable. To be sure, a pure antips ptone gives little 
or no Millon’s reaction, but antialbumid boiled for some tim 

per cent sulphuric acid will yield considerable tyrosin, although when 
acted upon by an alkaline solution of trypsin no tyrosin whatever 
results. Thus, Dr. Alice H. Albro, working in this laboratory with 
antialbumid made from coagulated egg-albumin, found on boiling the 
substance with 10 per cent sulphuric acid for 80 hours that 2.7 
cent of tyrosin was formed together with considerable leucin. 

this connection it will be remembered that Erlenmeyer and Schoffer 
obtained 1 per cent of tyrosin by boiling egg-albumin with sulphuric 
acid, while Schitzenberger obtained 2.0 per cent by heating egeg- 
albumin at 160-200 C. with baryta water for 4 to 6 days. Obviously, 
one cannot draw very sharp comparisons between these several re- 
sults, but it is quite clear that antialbumid made from coagulated egg- 
albumin by the action of 4 per cent sulphuric acid at 100 C. yields 
fully as much tyrosin on decomposition with a strong mineral acid as 
the mother proteid. Hence the difference in the result when these 
two substances are treated with active pancreatic juice must be due, 
not to the lack of the characteristic aromatic group in the antialbumid 
molecule, but rather to some peculiar state of combination of the 
atoms or radicles which prevents the formation of tyrosin or other 
amido-acid through the action of trypsin. In the case of antialbumid 
formed by the hydrolytic action of a dilute acid it might perhaps be 
claimed that it is purely an artificial product, and that its resistance to 
the secondary action of trypsin is merely the result of some slight 
alteration of the original proteid attendant upon the process of cleav- 
age. As opposed to this idea, however, we have the well-known 
fact that the original coagulated albumin placed directly in alkaline 
pancreatic juice breaks down step by step to leucin, tyrosin, et 
leaving at the end a large amount — perhaps 50 per cent — of a 
peptone (antipeptone) which resembles the peptone resulting from 
the pancreatic digestion of antialbumid. In other words, there is 
abundant reason for believing that the so-called anti group is con- 
tained as such in the native proteid, and that in the cleavage with 


dilute sulphuric acid it is split off as antialbumid. while in the pancre 


atic digestion of the native proteid it is isolated as antipeptone through 


See Hermann’s Handbuch der Physiologie, v (2), 
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C. in a large steam sterilizer (Arnold's), with occasional agitation, 
[2 to 15 hours, after which the gelatinous antialbumid was separated 
from the acid solution (containing the hemi bodies) by filtration 
through paper and treed from all soluble matter by long continued 
¢g with water. The washing was continued until the wash-water 
only faintly acid. In some cases the antialbumid was again 
heated at 100° C, for 12 hours with a fresh lot of 4 per cent sulphuric 
id [he crude antialbumid was next warmed at 4o° C ( 
ours with 
r the complete removal of adherent hemi bodies or of any unal- 
! ego-albumin. he residual antialbumid was then filtered off and 
washed thoroughly with distilled water until the washings were free 
from chlorine. The product was next dissolved in a solt 
per cent sodium carbonate, the fluid filtered through | 
antialbumid reprecipitated by neutralization with 0.2 px 


chloric acid, after which it was again washed with water until free 


from chlorine, and lastly with 95 per cent alcohol. This product con- 
I). 
so-called hemialbumoses from the 
phuri lution, the clear filtered 
ammonia and « 
concentrat 

ated boiling hot with ammonium sulphi 
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sul 
i small quantity of heteroalbumose was found adherent 
parchment his was therefore filtered off, washed thoroughly with 
product constitutes 
¢ the correctness of Neumeister’s stat 
ment that heteroalbumose as formed in pepsin-proteolysis is 
posed mainly of anti groups, it suggests that the formation of 
ubstance in the hydrolysis with sulphuric acid may be taken 
measure of the extent to which in this hydrolysis anti grou 
off in forms other than antialbumid. On the othe: 


] 
| 


perhaps no logical reason why a heteroalbumose might not be formed 


under this peculiar method of hydrolysis, out of hemi groups mainly. 
ulpl 


The above fluid \ alysis from ammonium sulphate and 
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for five days with a purified solution of trypsin,’ also in 0.5 per cent 
sodium carbonate, thymol being added to prevent putrefaction. After 
the clear solution had been at go C. for a few hours it became 
opaque and soon formed a thick jelly due to the separation of a por- 
tion of the antialbumid in a slightly modified form, as has frequently 
been described in other places." At the expiration of the five days 
a large proportion of this insoluble matter had disappeared, but 
there still remained an appreciaole amount of the substance, which 
was filtered off, thoroughly washed with water, and dried. This con- 
stitutes avtialbumid The alkaiine solution containing the albu- 
moses and peptone was neutralized with dilute hydrochloric acid, the 
slight precipitate removed by filtration, and the fluid concentrated to 
a convenient volume. The antialbumoses and antipeptone were then 
separated by ammonium sulphate and isolated exactly as described 
under the head of hemialbumoses and hemipeptone. The antipep- 
tone, however, owing to the presence of sodium chloride, was further 
purified by dialysis until the chloride was entirely removed. ‘The 
product is axtipeptone (LD). 

The antialbumoses, indicated as antial/bumoses (C), were a mixture 
of proto and deuteroalbumose. This is a matter of some moment 
chemically, for it is generally assumed that in trypsin-proteolysis 
primary proteoses are not formed; that the proteid passes directly to 


deuteroproteose and thence into true peptone, etc.? Further, it is 


implied in the scheme of pepsin-protecolysis generally accepted by 


hat antialbumid undergoing 


writers on this subject, t gg 
is transformed directly into antideuteroalbumose without any 
mediate formation of a primary proteose.t This, however, is n¢ 
case; certainly not where pure antialbumid is undergoing digs 
Thus, we have observed that in the digestion of antialbumid with 
both gastric juice and pancreatic juice, the albumoses formed and 
separated contained a large amount of protoalbumose; the neutral 

was prepared | irming go grams of Kuline’s dry ox 
pancreas in 4oo c. .I_ per cent salicylic acid solution for 24 hou . making the 
extract alkaline (0.25 per cent Na,CO,) and warming this at 4o° C. for 48 hours in 


the presence of thymol. The extract was next dialyzed for some days from both 


icetic acid) solution, then evaporated to dryness at 40° C. and 
‘ residue taken up with a very little cold water. This solution, filtered, contains 
fairly pure trypsin. 
2 KUHNE and CHITTENDEN: Zeitschr. f. Biologie, 1883, xix, p. 166. 
See NEUMEISTER’S Lehrbuch d. physiol. Chem., 1897, p. 247. 
* See NEUMEISTER: Zeitschr. f. Biologie, 1887, xxiii, p. 391 
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amount of this element. There was no sulphur, however, present in 
the mercaptan form, and the ash contained no sulphate. Neither was 
there any evidence of the presence of ammonium sulphate. As to the 


relationship in composition between this antipeptone and the antipep- 
tone resulting from the pancreatic digestion of a native proteid it will 
suffice here to refer the reader to previous papers on antipeptone.! 
Another product to be referred to under the head of anti bodies is 
antialbumid (f), This substance was prepared from well crystallized 
edestin,= a globulin obtained from hemp-seed, by heating the sub- 
C. with 4 per cent sulphuric acid. The gelatinous an- 
ialbumid resulting by this process was purified by solution in 0.5 per 
cent sodium carbonate, etc., and then used for intravenous injection. 
Hydrolysis and cleavage of pure gelatin by trypsin in neutral solution. 


In this hydrolysis 200 grams of exceptionally pure gelatin pre- 


pared from the purified collagen of white fibrous connective tissue 
(tendons) by Dr. Van Name” were available. This material was dis- 


} 


solved in four litres of distilled water, a neutral solution of purified 
trypsin? added, together with sufficient thymol to prevent putrefac- 
mn, and the mixture warmed at 40° C. for four weeks. The object 
of this long-continued digestion was to insure the formation of as 
large an amount as possible of true gelatin-peptone, the substance 
usually described under this name being nothing more than a mixture 
of gelatoses. Further, digestion was carried on in a ventral fluid to 
obviate the necessity for removal from the resultant products of alkali 
salts; a process which entails great loss of substance. Careful 
examination of the digestive mixture at the end of the four weeks 
showed the complete absence of primary gelatoses. 
was therefore concentrated and the deuterogelatose separated directly 
by saturation with ammonium sulphate under the conditions already 
referred to. The product was purified by dialysis, and eventually 


] 


precipitated from a concentrated solution by strong alcohol, after 


which it was repeatedly boiled with alcohol for removal of any s« 


extractives and then dried. This product constitutes de7 


(A’). The vield was 113 grams. 


! KUHNE and CHITTENDEN: Zeitschr. f. Biologie, 1886, xxii. 423; CHITTEN- 
DEN: Studies in physiological Chemistry, Yale University, 1889, ili, p. 100; CHI 
rENDEN and GOODWIN: Journal of physiology, 1891, xii, p. 34; BALKE: Zeitschr. 
f. physiol. Chem., 1896, xxii, p. 248, ete. 

* CHITIENDEN and MENDEL: Journal of physiology, 1894, xvii, p. 48. 

VAN NAME: Journal of experimental medicine, 1897, il, p. 117. 

* See loot-note (p. 174). 
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hs ted] fluid containin the true gelatin 
trvpsin was freed from th ‘ of ammonium 
Sait DV crystallization, the re jue removed DV treatment with Darium 
hvdroxide and barium carbonate as d ribed in the preparation of 
hemipeptone, and the true peptone precipitat by he After 
thorough and repeated extraction with b n cohol the peptone 
was dried. Gelatin-peftone (1). \t ighed 17 grams. The relative 
vield of deuterogeclatose and true peptor in th ontinucd 
Hvarolvsis with an active olution of n onstitut trikin 
dence of the relatively slow pr duction of tru auin-peptone in 
trv psin-protcoly 
he deutere bats In aqueou olution ive no precipitate what 
ever on saturation of the fluid with dium chioride, neither did any 
precipitate re lt on adaditiol Tacetic acid to th Lit iturated flur 
Consequently, it must be considered as entirely free from protogela 
tose.! Fested with potassium hydroxide and plumbic acctate for 
loosely combined sulphur, both peptone and gelat cave negative 
results. Negative results were likewise obtained with Millon’s reagent 
and the xanthoproteic test With the biuret test, stron lutions of 
both gelugmmm and peptone yielded a bright pink color Phe compo 
sition of Mibse two products ts shown by the following results. 
| 
0.2511 substance gave 0.17 rat 6.74 | ent ( Ol pram 
CO) 50.46 per cent ¢ 
Il. 0.2895 gram tance gave 0.1769 gram HO 6.7) per cent Hoa 6 gram 
II. 03195 gram ince gave by the Kjelda t 0.05556 gram N = 17.39 per 
cent N 
V. 05166 a1 thst gave by fusion w OH K NO, 0.0126 gram BaSO, 
0.33 per ce tS 
Vi 0 3695 gram star e ima ( 
I I] IT] I\ \ A 
{ 7 ] 
N P 17.53 17.53 17 
0) 
and SOLLEY Journal of physiology Bt. XH, | 
5° C. until of constant weight 
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KNOs; 0.0119 gram BaSO, 


Comparing these results with the composition of the pure gel 


> 


from which the gelatose and peptone were derived we have the 


lowing figures: 


Thus, again we have a forcibl ustration of the fact that 
pepsin- and trypsin-proteolysis the formation of true 
associated with a marked diminution in the content of carbon.- 
composition of the deuterogelatose, on the other hand, is seer 
essentially identical with that of the gelatin from which 
derived, thus agree ing with the observations previously recorded by 
Chittenden and Solley * on the composition of the gelatoses formed 
by gastric and pancreatic digestion. 

The protogelatose (protogelatose / ) tested intrave nously was 


specimen prepared by pepsin-proteolysis of a purified commercial! 


gelatin,* and had the following composition : 
C 49.98, H 6.78, N 17.86, S 0.52, O 24.86, Ash 1.98. 


1 VAN NAME: doc. cit., p. 124. 
4 CHITTENDEN : Digestive proteolysis, New Haven, 1895, p. 71. 


> CHITTENDEN and SOLLEY: Journal of physiology, 1891, xil, p. 23. 


# CHITTENDEN and SOLLEY : p- 28. 


8 
17 
al lati 
I. 0.2984 gram substar we 0.1797 gram H.O = 6.69 per cent Ila 168 gran 
CO) 17.23 nt ¢ 
I] 0 2134 n 6.69 per cent H and 0.3709 
III. 0.2869 il ibstar L the kK ihl met 1 0.04827 gram N 16.82 pe 
cent N 
VI 0.216 um ce gave 0.0366] um N 16.88 per nt N 
per 
VI. 0.5376 im substance ave 0.0114 gram as! 2.12 per cent 
Lercen ‘lion the ash nce 
I I] III I\ V 
N 17.18 17.24 17.2] 
Deuter ose Gelati 
( 50.1] SU.S7 19 22 
N 17.5] 17 2) 
S 0.34 0.33 
O 24.45 27.30 
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Since this work wv completed two ex linely interesting and 
important papers on antipeptons ha red from IK ibora 
tory, which ha i direct bearin | n t | rit ! Ntipeptone 
formed from blood-tibrin by digestion pancreat 
extract. Kutscher's 1 Its tend t nary ntipeptone 
formed from blood-fibrin by pancreatic « tion al irifiecd by the 
methods ordinarily made use of contain proport of impuri 
tics composed in great part of the nit b n, histidin, 
and a new body as yet undescribed, t thes th a urtic icid and 
some leucin and tvrosin. Assuming tl t be true ofa nt ptone 
formed from native proteids by direct digestion th pancreat lice, 
t follows that the products of this kind hitherto tested physi ically 
are open to the suspicion of being unsuitable for experiments of this 
nature Htdow far the same criticism l apply t the antipeptone 
emploved by us in the present experiment 1 tain It would 
seem, hov er, that the ant pepton prepared from antialbumid 
might perhaps be free from this objection or at | t contain a far 
smaller amount of impurity, since in tl hyvdrol nd cl of 
Ubumin in the preparation of anttalbumid t easily. de 
composable half of the proteid mol be at once eliminated 
Consequently in) formin antipeptone fros int uimid by 
try psin-proteols ti quite le that tl tant pepton 
free from the objectionab] featur fordimars nt tor Vil to 
the nature of the mother substan l{ h the « - our present 
experiments p ( a double \ In | | justification of the 
belief that antipeptone prepared from antialbumid l liable to 
contain the impurities referred to is the fact that the well known 
bodies leucin and tyrosin, so common among the products formed in 
the breaking down of a native proteid with trypsin and usually asso 
ciated with the nitrogenous bases, are never found in the proteoly of 
pure antialbumid. Further,in the original analyses of antipeptone mad 
by Kuihne and Chittenden,? it was found that purification by phospho 
tunestic acid tended to raise decidedly the content of nitr n fact 
which Kutscher explains by assuming tl more complete precipita 
tion of the nitrogenous bases by this reagent Phus, in a preparation 
CHER Zeitschr. f. physiol Chem., 1898, xxv, p. 195; Kut thid, 
xxvi. p. 11 
KUHNE and CHITTENDEN: Zeitschr. f. Biol e, 1586, xxl, p. 435 


180 Chittenden, Mendel, and Henderson. 


of fibrin-antipeptone containing 16.58 per cent of nitrogen, precipita- 
tion by phospho-tungstic acid resulted in raising the content of nitro- 
gen in the substance to 18.28 per cent.’ In other words, this method 
of purification led, according to Kutscher, to an increase in the pro 
portion ofimpuritics. This being so, the higher content of nitrogen in 
an antipeptone is to be looked upon with suspicion. Accepting th 
truth of this statement, the extremely low content of nitrogen in the 
antipeptone from antialbumid (13.58 per cent ) may perhaps be taken 
as additional evidence of the freedom of the peptone from the objec- 
tionable nitrogenous bases. It is not to be understood from this 
hypothesis that the anti bodies, antialbumid or antipeptone, will not 
yield nitrogenous bases on decomposition. The real distinction 
between a hemi and anti body is based upon the behavior of the 
substance toward trypsin. As we have already pointed out, anti- 
albumid which will not yield tyrosin on treatment with trypsin, will 
vield considerable tyrosin on decomposition with a strong mineral 
acid at 100’ C. So likewise, these anti bodies may yield a large 
proportion of the nitrogenous bases on decomposition with a boiling 
mineral acid while wholly resistant to the action of trypsin. 


how 


In this connection it has seemed to us important to ascertain 
large a yield of nitrogenous bases can be obtained from antialbumid 
by decomposition with a mineral acid, and also to compare the results 
with those obtainable by a like decomposition of a hemi body. For 
this purpose, 10 grams each of antialbumid, hemialbumoses, and hemi- 
peptone were boiled for 96 hours with 40 c.c. of 20 per cent 
chloric acid with addition of a little stannous chloride. The solutions 
were then diluted with water, the tin removed by hydrogen sulphide 
and the filtrates evaporated to syrupy consistency. The residues were 
then dissolved in water, and each made up to 250c.c. Measured 
portions of these solutions were used for the determination of total 
nitrogen, nitrogen as ammonia, and basic nitrogen precipitated 
by phospho-tungstic acid, following the methods used by I. Schulze. 


Following are the results obtained : 


1 1 
Nitrogen in phospho-tungstic acid pr itate 0.2782 
Basic nitrogen, organic 0.219 
17.2 per cent of total nitrogen in the form of bases precipitable by phospho-tungstic acid 


KUHNE and CHITTENDEN: /oc. cit., p. 452. 


SCHULZE, E.: Zeitschr. f. physiol. Chem., 1898, xxv, p. 360- 


From these results we see that antiall 


tively from the hemi bodies in yielding 


decomposition with 


evidence that the 


} 


bodies is not due l the lack of spec ific 


body, but rather to some difference in th 


or the state of combination by which 


sistant to the ypsit Particular] 


|} 


p< pt me may 


Certain Of thi Pr teids. LOT 
Potal nitr t j 
Nitu nin > { pitat +f ‘ 
1. in the form of ammonia 
Basic nitr , organ 
27.9 per cent of total nitrogen in the form eS | 
i) 
Total nitrogen in t 7 
en t t precipitat 
Nitrogen in the form of ammonia 0.2 
Basic nits , orga 
0.7 per nt of tota vel form of es precipit | 
> ditters only ntit 
nitrogenous orgal on 
difference between the so-called het ind ant 
proportion of nitrogen split off from hemipeptone in the form of 
ammonia, over gggper cent of the total nitrogen appearing in that 
form 
In order to ascertain how far the possible pi nce of tl 
“hexone” bases in anti atiect the phy tion 
of the latter substance, an experiment was tried with a « of 2 
kilos body-weight in which 25 c.c. of a solution containin n 
of the mixed bases (from the phospho-tungst 1)! tat 
the form of acetates were injected intravenously 1 | tar 
jected contained 15.5 per cent of nitrogen when di \ t it 
vas found that the clotting time of the blo is not not 
affected, while arterial pressure quickly fell from 135 mm. to 50 mn 
Hqe., but returned to the normal within three minut 
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Laboratory of Physiology of the Harvard 
lit of Prof. W. T. Porter. ~ ] 


cestions and for 


] 


crossed 


no referenc 
s, the de 


course 


logically continuous paths, and 


o1rocicall 


that have been attempted. 


THE PERIPHERAL MOTOR NERVES. 
As a preliminary to the experiments of the present research the 
e of the peripheral nerves to the bladder was 
section and by experiment, in several cats. In these operations 
and in all others which were performed, the animals were fully ana:s 
Nothing was found at variance with the general 


described in the earlier literature! of the subject 


studied both by 


motor the bladder see 
Sokownin “21; Nussbaum 


Nawrocki and Skabitschewsky 


bY COLIN 
CONTENTS 
Pace 
I s of t udder, and t 
ihe t t lex centre t ! I 
path of t yulses In col ’ 
| 
1 
nadertaken in the 
Medical School, 
1 1m owe much, 
both for useful succc TB cuidance throughout the work. 
he orl lal intention was to determine, 1f possidie, the exact n re 
of the mechanism for the transmission of sam impulses in. thi 
recion of the reflex bladder centre, as has already been done™ for 
the impulses reaching the diaphragm through the phrenic net 
So much routine work has developed, however, that the pr nt 
paper is published wi to the original them The 
eum Of the impuls ation of the existence of physi 
th: Icfinition of their limits, are all 
results alread 
1 For the topography of the in?; 
118); Gianuzzi Budg 
Mosso and Pellacani** (p. 300), (p. 43); (p] 


\i or fibres vel | n i | 2832 a n 1 
Icstion as t hether tib from 
Lhe f th vmpathet are « 
[ii iV, and \ mpal re ts, Dut t | 
from the sympathet hain to the intet mi t 
much position Ph ul mb 
but sometimes thi ind sometin ce ob 
cats eight had four, four had three, and tl | 
which each strand pr parat to 1 
usually two or three unite at me point in t 
times a plexus.is formed Phi origin from 1 
i ibject te me variation, but th ! 
th IV, and lumb: ment | 1 
the hypogastric ner to t] 
t1 plexus, but acc rv hvy is | 
(p. 413) ha mentioned, ar ff t \\ 
uch were p nt they were treated ts of t { 
| 
+ 14 
Clal Ca an le nel ot t ! it ray 1 tt | 
trands run from. th lumba thet { 
m nteric ganglion From. the 
ti nerve, Which in its course off an a 
Three branches from the nervus e1 n n ‘ 
to form the pelvic, or hypogastric plexus, and from 
terminal branches run to the bladdes 1] numb f t 
branches is more usually three, as in the « (Griffiths #', p. 64) 
28-329) 3; | invley (pp XXX t 
fran s—kranck Langley and .\ 
54), and (pp. 374-379); a1 ( rtace ( (I 
ifter each name refers to the t of rel e4 { the ) 
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The larger ganglia of the hypogastric plexus and of the vesical 


plexus on the surface of the bladder are also shown. 


ht side, showing: 


It has been found impossible to demonstrate the presence in the 
sympathetic chain of vesico-motor fibres other than those carried in 


the paths described, that is, through the hypogastric nerves. Such 


~ 


fibres have been described by Gianuzzi®-(p. 23), and Nussbaum #4; 


Sokownin,*! and Nawrocki and Skabitchewsky * (p. 340, and 
| Xp. ITI, Pp. 343) have failed to demonstrate their presence. Langley 
and Anderson*® (p. 76) have obtained positive results in certain cases 
only. Though in some cases nerves which correspond to those de- 
scribed by Langley and Anderson (op. cit.) have been seen, they 
could not be proved to carry fibres having any control over move- 


ments of the bladder. Section of the hypogastric nerves left only 


the sacral paths open, and subsequent section of the sacral spinal 


nerves destroyed all possibility of producing bladder contractions by 
stimulating the cord. This was shown several times also incidentally 
in experiments undertaken for other purposes. 
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— 
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FIGURE I he vesico-motor nerves of the cat, on the rig i A, the sym 
pathetic chain, 5, t rami to C, the interior mesentet sanglion, D, the hypogastric 
and E, the accessory hypogastr nerve, F, the nervus erigens, G, the hypogastric 
plexus, H, the terminal nerves, J, the vesical plexus on the surface of the bladder, 
and k, tl irethra, 
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THE SENSORY NERVES OF THE BLA ER, A? REFI 

While the motor nerve mav be « red by met { t 
stimulation with comparat the demonstrat { 
ner for the bladder imatter of extrem tt | met 
ire two in number First, a nerve iding ur rit 
central cut end, timulated wh t 
spiratory or general body m ment n { 
Second, the central cut end of a net ispected t ont 
bladder fibres may be stimulated while the bladdes t dt 
contractions of reflex origin Both metho al nf 
objection Keven if stimulation of the central cut e1 { 
trunk leading toward the bladdet e evidence of | n 
sensation, there is nothing to show that th nsoryv fib ti t 
belong to the bladder, unk the point of stimulation ret 1 t 
bladder and the hypogastric plexu Centrally of that point all mot 
nerves to the bladder are accompanied by milar 1 for 1 
lower part of the intestine and for thx enitals, and doubt Nsory 

nerves are combined in the im ay \eain, it | been 
repeatedly that stimulation of almost any Nnsorv 1 ft ly 
will cau a reflex contraction of the bladder Pherefor 
reflex contraction produced by stimulating the central { lof ar 
nerve known to contain fib for « ins other than t ly ler, « 
not be taken as an index 

It has been stated Sokownin"") that nsorv on 
those belonging properly to the bladd h their ret] { 
the brain, while the bladder’s own net produ t] from t 

cal centre in the cord If th | 
vith an easv means of distin ne the t ft 
bladder: but th untenab ret] cont ties 
bladder mav be obtained b tin t { cent { { 
the Clatic nerve Cn t { t 
thoracic cord, as Mosso and Pellacan (p. 292) { \ 
is an injection of strvehnit nes iryv for th lemonstrat 
reflex It is so constant that it m b d to test tl 

Bert Cianuz | ‘ ‘ 
an \ er “4 (iriftit 4 rt ( 


the hy] 
lumbar 


to the bl: 


he | 


I produced in 


inferior mesenteri 


the connections of the inferior mesenteri 


ed, stimulation of the central end of thi 


nerves produces the reflex contraction as befo 


x from the inferior mesenteric ganglion has alreé 


by stimulating the central cut « 


rr mesenteric ganglion iso 
way might be mediated by afferent nerves fro 


Nawrocki and Skabitsch« 
415). 


IOO Cc. 
th pinal vesical centre, and as a means of determining the upper 
le l of the centre. 

It mav be demonstrated, however, that the sacral net to tl 
bladdet contain SCNSOTYS tibres. astric nel cut to 
interrupt the connection with the ord, and if the periphera 
bladder nerves be severed closc HiiiiiBhdder on one side, careful 
timulation of their central divided ends will produce a reflex con 
traction. The path of this reflex is through the sacral nerves a 
through the cord, for if the sacral nerves of the opposite side be thet 
cut, or if the lower lumbar or upper sacral cord be interrupted o1 
destroved, the reflex fails. If the first section of th experiment were 
made at any point in the course of the sacral nerves central to thi 
hypogastric plexus, the reflex contraction produced by stimulatin 
the central cut ends would be valueless. Doubtl the Cnsory 
nerves of the bladder ar accompanied from that point by atterent 
nerves from other organs. 

If the sacral nerves, thus shown to contain sensory nerves for thi 
bladder, be cut on both sides, stimulation of their central cut ends 
produces no effect upon the bladder even though the hypogastri 
nerves are left intact Lhe hypogastric nerves do not carry motor 
mpul roused by stimulating any of the atterent fibi contained 
n the sacral nerves. Th acral nerves are therefore both afferent 
and citerent for th tle ar cl bed. 

It mav be shown in a similar iw that the hvpogastric nerves con 
tain afferent bladder fibres If the terminal nerves to the bladder b 
cut on one side, and if the sacral suppiv to the hypogastric plexi 
be severed on both sides, stimulation of the central divided end of thr 
peripheral nerve fives a well marked contraction of the bladder. 
This may Qs cither one of two ways. It may be a reflex 
from thc 777: canclion, or it may be a reflex from the 
cord 

lf with th 
cord be (1 clivided px 
strated many tins! Tn of one hypo- 
eastric nerve, with the he 

! See Sokownin Nussbaun wsky (p. 156), 

| 


/ f rope L/ (ats Dbladde 
( j OF d Ji 2 Lh 
the hyp | | 
may b in 
bladd 
th svimpathet rami Ul \ 
Na pomted it th t numb ot t t 
and Grit! (p. 76) I found th t of stis { 
/ 
tral cut end of the hyp isti ne! Dont 
to be wanting in speriment tion of 1 
net has produced profound turbaur 
ory bladder ari 
1 
swders probabDilv a ) mn) t t 
results | has b repeat nfirmed { 11 { 
Phe reflex may be obtain t! tin th t 
cal stimulus of pin 1 ind th stin ition by1 
With regard to t tle 11 cd b tit 
nerve other than th ot 1) 
already been mack Stimulation of t cent { ft 
ath ( produ l ( ( ) | 
| + +] } 4 ‘ 
a ii | ) ) \ iit ) ) ‘ 
reflex fails altogether None of 1 Wp 
centre appears to be carried by t mb mpathet 
Stimulation of the central cut end tl 
found ineffectual in all 
Paul Bert (p. 650); Sokow 
(p VAWTO Ka { 
* For the eratul t tt ! rel () ( 
11), 
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THE POSITION OF THE REFLEX CENTRE IN THE CORD. 


In determining the position of the centre in the cord from which 
reflex bladder contractions may be produced, no attempt was made 


to mark the lower level of the centre, no suitable method being dé 


vised. Its upper limit was determined by a method of sections, 
using the reflex obtained from the sciatic nerve as t 


animal used was anwzsthetized with ether, and a tube was placed in 


the trachea. The abdomen was opened in the linea alba, and in 
most cases the symphysis pubis was divided. A catheter was then 
passed up the urethra well into the bladder, and tied in place. By 


means of the catheter the bladder was partially emptied, and filled 
| 


igain with warm sodium chloride solution (0.9 per cent), through a 
de branch in a tube leading to a horizontal manometer. A shield, 


solid at the sides but made of wire netting at the upper end, was 


placed over the bladder and held in position by the body wa 


1] 1 
} 


is, which 
were drawn together and clamped. The animal was then turned 
back up, and the cord and sciatic nerves were exposed, the cord 


being kept under a constant stream of normal saline solution at body- 


Phe sciatic nerves were then cut, and the central end of one of 


them was stimulated by means of an induced current strong cnough 


to be distinctly felt on the tongue. An outward movement of the 
fluid in the manometer invariably followed. The cord was now cut 
across with a sharp knife and the reflexes were tested again. If the 
reflexes still persisted a second and lower cut was made. Sections 
above the level of the second lumbar root were always without effect, 


but any transverse section below the origin of the second lumbar 
root abolished the reflex. 

In one series of these experiments the animal was anwsthetized, and 
the cord cut, from five to twenty-four hours before the final operation, 


] 


the cat being kept under morphia in the intervening time The 
purpose of this was to avoid any possible effect of shock upon the 
reaction of the reflex centre to stimulation through the sciatics. As 
before, the reflexes persisted after any section above the origin of the 
econd lumbar root, and were abolished by cutting the cord anywhere 


below that point. 


1 } 1 . 
ind 42, and Nussbaum,?? who have reported positive results, and to Budge BD. 2), 
Kehrer,? Paul Bert !3 ( 651). Sokownit 21 Nussbaum,”4 and Nawrocki and 
Skabitschewsky 3! ( >55), for negative results 


tempecrature 


UI Se Lmpulses ana VOU THe Cals | Pale) 
Ue 
The upper limit of the reflex bladder cent ther mM 
near the lower level of the o1 1 of th | | yar} | 
does not avree With some Oot th I uit hel 
by former investigator Bud nt I 
site the IV lumbar vertebra in the rabbit is t t , 
vhere irritabilitv wa reatest But in many of th ment { 
the present re arch it has been n d, in 
| 
cord, that after the cord cea to conduct imy t f th 
trodes are brought in the re n of the IV and \ nbar 1 
strong contractions of the bladder result Ph 
When the cord was destroyed by repeatee neitudis 
that the obvious explanation of Bud ! t that motor 
were stimulated, not the cells in the centre. Ma 502), Gia 
nuzzi,?  Kupressow,” and Ott* (p. 61), place the centre ton 
of the \ il sphincter at about th f the \ mbar root it 
cord Gianuzzi” (p.28) demonstrated t cents t 
posite the IIT lumbar root; Sokownin,*"*! pla centre ¢ 
the IV lumbar; Nussbaum =" *? d rib the 1 on of e Ill 
IV lumbar roots; and Nawrocki and Skabitsch Et: 
the I] and V lumbar roots as the limits of the cent | tt 
determinations all agree more or | osely th t Ol 
the pre nt re arch 
| 
THE EFFECTS OF STIMULATING THE PERIPHI Ni 
Che musculature of the bladder is of such a nature that t 
may be considered as belonging to that croup of t] 
the mu es are arranged in two lavers, mont ! ’ 
Phe longitudinal muscl the re more 4 
vall of the 1 us, while the circular n t) { +] 
sphincter in the neck; th a phvsiolovic yarat ' t b 
ougnt fo Lonect*? (p O14) indeed rib th thet 
nerves as controlling the body of the bladde1 
mtrol the sphincter. Von Zeiss] finds that the b] ' 
to von Basch iw of cro d innervat n | ne} 
described as motor for the body and inhibitorv for th ] t 
the hv pos: astrnu nerve close th pmhineter in 
ot the body of the bladd Courtade and Guy ! 
126) also have ven the hypogastrics and _ th icral net 
for the neck and the lonevitudinal n respect But nst 


these observations are those of Gianu (p. 24), Mosso and P - 

cani“° (p (p. 43), Langley,*- Sherrington (p. 679), Griffiths # 
i i > 4 

(p ) nd Lan vy and ha four 

that eft ol tim tin the hv] ist dittere ‘ n 

( ree from that produced by stimulating the more powerful not 


Stimulation of the bladder, whether it be reflex or direct d 
whether v through the sacral or the sympathetic supply, prod 
a contraction which involves all parts of the musculature. Noth 
has been observed which lends any support to the view that the in 
Nervation crossed Phere is, however, a difference in the eft t of 
stumulating the hypogastric nerves, noted first by Langley ‘*, and 
later by Langley and Anderson #* (p. 75), and Griffiths ® (p. 74) 
according to whom stimulation often produces a dilatation, usually 


preceded by a short preliminary contraction. 


Stimulation of the sympathetic supply at any point in its c 
produces a rise in the internal pressure of the bladder, followed usu- 
ally by a fall of much greater extent than the original ris« The ratio 
may be as great as three to one. This ts produced whether the lum- 
bar spinal nerves, the rami to the inferior mesenteric ganglion, or the 


hypogastric nerves be stimulated, though more often one or two of 

the rami have an effect upon the bladder which is greater than that 

produced by the others. Several attempts were made to separate 


the fibres, stimulation of which produces the rise, from those which 


produce the fall, but they were always found to occur together ana- 

tomically The injection of nicotine has in some instances scemed to 

affect the proportion between the ris and the fall, but no results of 


definite value were obtained, nor were any resul 


use of induction shocks, made to follow each other at varying inter 


vals by using Ewald’s interruptor. 
Griffiths # (p. 74) found that stimulation of the hypogastric ¢ 
stimulation of the pelvic 


ing the progress of contraction induced by 


splanchnic produced no result, an observation contirme d by Langley 


1 
and Anderson ® (p. 72). who found no satisfactory evidence of the 


} 


presence in the hypogastrics of inhibitory fibres, nor any obvious 
inhibitory effect on the bladder when it had become contracted in 
consequence of exposure to the air. But very frequently in the 
course of the experiments here described it has been observed that 


when the bladder was insufficiently dilated to make the manometric 


Variations apparent, stimulation of the hypogastric nerves was effec- 
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tion as unilateral; Langley and Anderson * (p. 80) do not ager 
with the ul observation 
Relative much stronger stimuli are required for the sympathet 
ne! than for th of the sacral group. Even the strongest ele 
trical stimulus applicd to the sympathetic nerves will never produc: 
» ¢ or so forcible a contraction as that commonly obtained from 
th icral fibre Mechanical stimulation, whether by pinchin 
licating, cutting, or stretching the nerve s effectual almost alway 
but the « t produced through the sacral nerv: ways th 
Verv fr nt vhen the bladder is contracted, stimulation, even 
of the sacral nerve supply, produces relaxation, when the same stim 
ulu ould cause contraction if the bladder were at rest 
It h been observed repeatedly, especially on stimulating tl 
sacral net that the effect of a sin imulation is not a } 
contraction but a regular rhythmical series of contraction Such 
composed of from four to six oscillations, gradually diminish 
ing in inten 
Phere are « neces in the persistence of irritability in the diff 
ent Ss ¢ peripheral net supply of the bladder, after t 
t ) of I ition Nawt ind Skabitschewsky 
342) found vility pet tin the hyp istrics for about a1 
h n th mpathetic rami a shorter tim [ lly th vm 
cease t pond to nulation almost imediately 
tl t « to deat In th Wp trics rrital ( ipp 
iftera { min but the blac st yond t tim 
t of the n ( ral suppl tim for than 
] Sin th 1 depend doubt on the fact that 
a tic « lie r than their fib Langen 1 
nted out, his method of determining the positions of the « 
veciall] yplicable to the study of the innervation of t] 
\ wtant p ) tv of erro 1 th tudy of th ( { ot timu 
lat or motor bladder nerve to be found the 
thmic contractions normally present Th have been mentioned 
| Mosso and Pellacani 2? (p. 103), Ashdown (p. 316) Sherrins 
tol (p $2) h howed that the rhythmic action at n the 
ll of the bladder itself. and by Langlev and \nderson #! (p 110) 
ind Griffitl (p. 234), who describe them as easily distingut hed 
from ced by stimulat Phe rhythmical variation 
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impulses coming down one side of the cord are d 
sympathetic nerves of both si and to t acral 


And it 


crosses the core 


also been shown that 


nerv¢ land is efttectiv Upol 


S necessary only to split the cord in the median } 
ng is stopped. The following protocol I] e an 
nan experiment 
May 19, 1898 nimal was plac ) 
1 in t n line, the symphvs s cut la cat ! 
po n ader W { 
Warmed to bOdy-tem ( 
W connected w the yf rizol } 
t] po trics \ t ) 
ypog Wel len ¢ 
nerves to povastt ] X t ( 
| 
rwas | rtly « 
part f coarse wire nettil t 
drawn together clamped Phe t 
turned o dt wer dors nad t \ I 
cora rel ne t re 
| rd w f 
t l of t riment 
\ cht lat ra en ( it ( \ ] ( 
XII dor root Stimulation we 
by 1 oO! ( curt t »>wWweak t n 
cept nt tip of t tong ! t n ( ul 
of t ddet Beginning at t hel ( e | > 
t! cord was then t down tl hie a - 
metr t a time d after ch w cut t ct 
ul timulating t dorsal cord was test | Fic _ 
naicating t COMpte cl t ( 
the 
the median eis oken to indicate t po tw 
the 
each CCeSSIN ) ] t preces ng 
ses 
( was split to point lust elow the 
f origin of the \ nbar root, stimulation w 1 a 
electrodes were then placed on ! Core 


the hemusection, and marked Contraction ot 


thy 
nerves of both sid the reflex 
from the sciatic sam 
in the cord it ; 
until the cros 
example of su 
Cat 
abdomen open 
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| | | 
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FIGURE 2 1) 
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Course of ses 10 ana bh Cais fal 
In this wav it wa n, in xperiments, t { 
limit f thi Cl ) it b th il 
| \ t p nt ot 1} a tral ) 11) \ 
root Ina periment rn 
that th ime p t mat t mit of f 1 
carried in the lumbar net f im 
ly <timnlatin +1] itra cut end th | 
experiment it th in tin 1 | 
pass to the bladder ur 
case the « plit from b Lhe first t below 
the known lower limit of the crossin ind tl tt tinued 
Of impu nn th cord is th ] n to b i | t t b Vv t 
origin Of th trand hich m II mbar root a ] init 
‘dentical with that which wv determined to be the sane l af 
reflex cent This determination was mad varately for the in 
pulses carried b * sympathetic fibres, for th Cari by t 
sacral net , and for th arou retlex D ti it thre 
sciatic nerve 
With the impulses carried by the lumbar net however, a furthes 
determination was made. It has been shown by Lat v and At 
son* (p. ISS (p 122 73) that thes n } 
in the inferior mesentert a fa ca demonstra ) 
utting one hypogastric net and stimulating the 4 cut en 
of the sympathetic rami to th il Ion on ea ( paratel\ \ 
series of experiment is therefore nece irv t rtain whether 
impulses crossing inthe cord are identical with t Ol which ] 
4 
the infertor m nteri une ed; or in other words, t 
determine whether the partial e1 ! in t nferior mesentes 
imnclion bears any relation to the c1 ne of imp nthe | 
cord. Phe accompanying figure >) illustrat n 
1 1 7 
cally th four po Die paths open for impul 
By making a right lateral hemisection of 1 r dot 
and stimulating only above the hemisection, impul f the left 
ver olated The four po b] path nin t ! 
then provided for by makin ct bet { { 
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canglion, and between the ganglion and the bladder, as indicated 
by the blocks in the figure The sacral nerves were thrown out 
by a complete transverse section of the cord between the VI and VII 
lumbar roots. It was demonstrated that each of the four possible 
paths is taken. The crossing in the inferior mesenteric ganglion, 
therefore, cannot be regarded as supplementing the incomplete 


crossing of impulses which takes place in the cord. 


The experiments thus far have determined only the limits of th 
crossing ofimpulses which occurs below the NIT dorsal root. The core 
above that level still remains to be explored It mav be shown, by 


making a right lateral hemisection at the NII dorsal and a left lateral 
one at the first cervical root, and stimulating above the u 
tion, that no impulses cross the median line between the two hemi- 
sections. In this experiment it is necessary to stimulate the cord by 
means of punctures, for the danger of spreading makes results obtained 
with electrical stimuli valueless. The effect of stimulation by punc- 
tures above the first cervical root before the hemisections are mac 
is to produce a strong contraction of the bladder. After the first 


hemisection at the XIT dorsal root the contraction is considerably 
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I E 3. Diagram t te t four | t f 
ter ul m,andt t her to the bl 


weaker; after the second hen t t n 
Opposite side, no « traction cal yt 

Above the first « tt { 
crossing. If tl x hen 
dorsal re 1S, st n by punct of 
of the cord tt eit If 
hemisection be m t t bl 
either side above the h { 
If the cord be then split from tl t t 
scriptol sin th nk t t 
hemisection no lon ron n 
the med Land the first ce t 
cro ne whic t LACE ‘ t } 
of the tent np ! D\ i 
for those car bv tl icral nerve 

With regard to t exact nature of the relat t 
halves of the yin t \ can b ( ! 
referring to t centre fb and Gianu I 
to vo further, and even t that tl ent ( { 
contro is dor each net the corre It 
and that each halt connected by comn t 
ordinary mistane the tw uly 
not ind are intl iced bi t 
th t Phe 1 ratory ntre tof | 
I ha not ve jected to experiment tI h n 
to do so” (pp. 2 an 71 

| 

The fact that the cord may be t in the n 
ordinary care thout interfering witl } 
tainly how that the vesical centi t But t 
each half controls the corresponding half of tl tru 
of impu carried by the lumbar nerve | of t centre 
controls be th halve ot the bladd by mean Ioan 
pulses in the inferior mesenteri inglion Not there anything te 
show that the cells of one half of the centre do not send fibres th 
the sacral nerves of both side 

PATH OF THE IMPULSES IN THE 

Budge 7 in IS4I (p. 159) noted that stin ition f the Mer 
half of the cord was especially eftect ' ‘ 
tions, and in 1864' described an exp t ! 
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half of the cord was removed, stimulation of the anterior half pro- 


ducing contraction of the bladder (p. 15). Mosso and Pellacani ~ 


(p. 293 ) 2 (p. 30) demonstrated that the fibres for the bladder run in 


erior columns and in the posterior part of the lateral columns, 


». 412) found that impulses pass to the bladder in the 


the DOs 


and Ott * (| 
1 
lateral columns. 


\bove the vesical centre it has been found that impulses pass down 


the cord in the posterior half of the lateral columns only. A right 
lateral hemisection of the cord was made and stimulation above the 
cut was shown to be effective. A cut was then made on the left side 


which severed the remainder of the dorsal half of the cord with the 
exception of the part occupicd by the posterior columns. Stimula- 


tion above the point of partial section was then entirely withou 


effect, while below the cut stimulation still produced a forcible blad 
der contraction. Again, the whole anterior half of the cord was cut 
without stopping the passage of impulses. In another case the 


middle third was severed, so as to interrupt the posterior and anterior 


columns, leaving the lateral ones intact, without interfering with the 


conduction of impulses. In still another experiment a complete sec- 
tion was made in the dorsal cord, and a portion five or six centimetres 
long, lying in a pool of warm saline solution, was split longitudinally 
in such a way that the dorsal half of the lateral column on one side 
was isolated. On tying a ligature around the upper end of this strip 
and raising it well above the pool in which the remainder of the cord 


still lay, stimulation produced marked bladder contractions. 


Below the level of the centre the impuls s were shown to pass in 


were cut at the 


the lateral columns. If the lateral columns of the core 
V or VI lumbar root, leaving only the anterior and postcrior columns 


intact, stimulation of the cord in the dorsal region failed to produce 


any effect after the lumbar nerves to the bladder were interrupted. 
And again, section of the middle third of the cord at the level of the 
Vi lumbar root fails to interrupt the impulses carried by the sacral 
roots, or those aroused by stimulating the sciatic nerves. Since sec- 
tions in the lower lumbar cord interfere more or less with the affer- 
ent fibres of the sciatic nerve, the fact that section of the lateral 
columns in that region will block motor impulses aroused reflexly by 
stimulating the sciatics was demonstrated in another way. The sacral 


supply to the hypogastric plexus was cut on the right side and the 


right sciatic nerve was stimulated. A crossed reflex was thus ob- 
tained. The lateral column of the left side was then cut at the VI 


Course of Impulses to and from the Cats Blades 
lumbar root, and the retlex contraction was ab nt 
elements in the retlex were thus left uninjured while th nt 
were shown to lie in the lateral column 

CoN \ 

It has been shown, in confirmation of earlies rk, that stimulation 
either electrically, mechanicall t m 
supply of the bladder, causes a cor Loft t 4 
of the viseus. Stimuli suft nt f tl nal tor t 
are much weaker than thos h must lt t late 1 
sympatheti ipply rritability of t l net 
much longer than that of tl hy] t! aft t] 
beat, the sympathetic rami to tl nferior mesent { 
almost at onc Che ettect of stimulati the ner of t 
eroup is to Cause a p rful ntraction of t bladder, 1 
a slow relaxation The effect of st tine tl maprat 
on the other hand, to prod asma ontraction, f 
nearly every ca by a dilatation of much greater extent. Im] 
reaching the bladder thr hone nel or thi ht 
sacral supply of on side, ca ontraction of that half of 1 ldet 
only. ‘There ar nsorv. bladder ni n tl 
reflex centres in the cord and in the hypogastric ple: | n 
fibres for the bladder which pa » the hvp ist 
their reflex centre in the inferior n ntes tl 1) ] the 
rhythmical contractions of the bladder are much s1 r than t e 
produced experimentally 

The further results described in the for paper m 
summed up as follow 

The vesico-motor mpul passin | noon of t 1 « 
not cross the median line of tl ( lb { first t 
except in the 1 n oof th pinal ve il cents 

Impulses cross between the | rp t of « n of the IT lun ! 
root and the lower point of origin of the Vo lumbar; and t 
certain amount of crossing between the lower limit of the n i 
and the first cervical root 

The crossing of impuls lentical in extent for those which lea 
by sacral or by ympathet fibre ccurs between these in | 
for impulses aroused retlexly by stimulating th itic net 

The upper limit of the reflex centre is the same as thi pel t 
of the crossing of the impulss 


f all vesico-motor impulses above the centre 
the lateral columns only. Below the centre 
lateral columns. 
oming down one side of the cord pass out by the lumbar 
nerves of both sides, and by the sacral nerves of both sides. 
Impulses leaving the cord by the lumbar roots of one side pass to 


the bladder by the hypogastric nerves of both sides. There is a 


second crossing pulses in the inferior mesenteric ganglion, and 


possible paths are 

The motor i ilses aroused reflexly by stimulating the sciatic 
nerve on one side pass out by the sacral nerves of both sides. 

Che vesical centre is bilateral, each half controlling both halves of 
the bladder at least through the lumbar nerves. 

Che motor fil whi carry the impulses aroused reflexly by 
stimulating the sacral sensory fibres lie wholly within the sacral 
nerves. 

The motor fibres which convey the impulses aroused by stimulating 
the central cut end of the sciatic nerve, lie wholly in the sacral supply 
to the bladde1 

Che sympathetic rami to ‘ ganglion have not been shown to 

in any sensory fibres for : bladder. 
ing the cord with all » peripheral 
same as when the sacral nerves alone are stimu- 
; on excluding the sacral nerve effect is the same as when 
the lumbar supply alone is stimulated. 


A frequent effect of stimulation through the cord, and also through 


1) 


the peripheral nerves, is to produce dilatation of a previously con 
tracted bladder 

Sometimes a single stimulation, lasting only long enough to cause 
a single contraction, gives rise to a rhythmical series of contractions 


or oscillations of gradually diminishing extent. 
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practically concluded when Bied vol to 1 not { 
ot 1o97. \ th 1) th l | ) 
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sules that I desire to set forth brict] the f 

The experiments involve t parat tinct st | 
consists in the collection of the bl l to be tested: 1 

tudy of the eftect f th ntra nou nicct t t 
ime or into another animal On a nt of t t 
dogs were used throughout In « 
have them completely anzesthet t 

1] th ad b th is 1 

f rous lon linal and tran 
immediately protected 
saline s n> Pushing tl to 
sland was ex] 1 and th ! 

i\ tit? i i 
mesial sid rvinge to t { 
the lateral le, bein Ito t n tl | 

mplv a straight tub t t 

pt) 
the body Phe b d from t 
directly into the col tir ( | 
of the vein prevented an {] 
the neck of th innula, being to tl 
mixture of anv blood from the numes 
the capsular vein Phe bl { t] 
derived from. thi land alon 
nula, and this occurred the more { { { t { 
clot was easily removed by introd | 
nerve was prepared from the point ter 
diaphragm to where it sends oft ra to tl 
renal plexus, and after p! 
possible, was arranged upon sh 
record taken from the carotid arters t} { { { 
mdicatinge the condition of the animal and of t { 
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ted current from an ordinary induction 


of the nerve. The interruy 


coil was used to stimulate the nerve, and in a given stimulation period 


the current was alternately turned into and taken out of 
approximately equal intervals of ten to fifteen seconds. 


ive a decided rise of bloo¢ 


was made strong enouch to 


} 


with each application; so long as this rise occurred 


granted that the irritability of the nerve persisted 


secretory fibres contained in it would respond. 


The following specimens of blood were collected 


experiment: a@, fromthe femoral vein; 4, from 
stimulation; c, from the adrenal vein during 

-ases the ft} | od 
cases the condition of the animal continued good en 


number of additional specimens to be obtained. 


from the adrenal vein after stimulation ; 
ing a second stimulation period ; 
second interval, that is i 


stimulation. The time consumed in collecting ea 


varied with the rate of outflow Ihe object was t 
quantities of each kind of blood for the subsequent 


experience soon aug? ‘ Or More 


for each > to ensure positive results in 

allows d t IOO of ore h kind 
ven in the tabulated protocols 
fifteen and seventy minute 


1 
we as these can be 


accordingly selected 
ontrary, are better adapted for t 


ume of blood injected, the small 


of adrenal substan 


femoral 


very experiment as 


second part of the experiment a fresh 


ia and ether, was generally used. By 


blood was obtained from the first dog, its ; 

favorable for good reactions. The animal was connec 
kymograph in the usual manner for a blood pressure record, 

bloods to be tested were injected into the external jugular vein a 


suitable intervals. In all the later experiments provision was mad 


the nerve for 
Phe current 
| pre ir 
1 
it was taken for 
] +] 
ne and that any 
in cvery complet 
renal vein before 
lation In a few 
trom the adrena nau 
rom the adrena no oin the 
yeriod ucceecding cond 
] 1) naturally 
Spee Naturally 
o obtain sufficient 
nyections ; and as 
] 
The actual times re- 
ls of the experiment: 
] ] ] +] 
large animals, an lor th purpose. 
Small dogs, on the ¢ ting the reaction, 
since for a civcn \ the dog th 
larger relatively will be the dosc Th 
lots of blood were defibrinated and _ filtered through muslin | 
should be stated that the HE blood taken previous to opening thi 
abdomen was used in cB a control upon the norma 
adrenal blood 
| 


relory 


to have the 
perature 
Injection 


intact, the 


the suprare! 


Jacobi.! Accordin 


fibres from 
with the sol. 
In my exp: 
secretory 


trations of the result obtained 


1 JACOBI 1. f. exper 


fo the Suprarenal Caf 
blood to be injected raised to as near the body-t 
possible Whenever th ipply of b 1 permitt t 
re made in two series, the first h the \ uned 
HN: second after double vagotomy or after th tration of 
five milligrams of atropine. sAt th Lot th nd 
Salt solution in amoun equal to the d oft b 1 | 
Was 1n tO an ) 
introduction of that amount of linto tl tat \ 
by means of adrenal extract it w letermin t pl 
ogical mechanisms on which the 1 n depend 
tional at that time. 
RESUL 
As stated above, thes <] its wel ntended t tern 
whether the activity of the supraren is und t en ot 
secretory nervy The specific constituent of t which 
for convenicnce may be spoken of p na is t 
tance until the chemust icceed } hatin na t 
now know passes directly from th nd into the | t nd 
| 
its presence there can usually be demonstrat vit 
ing the blood as it fl from th land } t t 1 
same or another anima In dogs 10 « of adrenal bl] r even 
44 +] ‘ + ‘ 
less may at times for homonsts n ) ! 
+ 4] \ ‘ 
more certain with 30 ¢ or more. Wheneve lar 
enough, and this naturally depends on the concentration in active 
principle, the result will be a change in heart-rat I bl ws 
similar to that produced by extracts of th ind. If t renal 
glands are supplied with secretory hose nt 
the production of adrenal substance, « lence of t 
furnished in the increased concentration of the bDilows ttes nt upon 
their stimulation, and in the correspondin h h f t 
blood upon the heart and blood vesse] Phe net f 
Gal glands in the dog h been { red 
lar and renal plexuses as we th the s} 
riments the latter net alone \ tit { to obtain 
ffects upon the gland | rand 2 \ 
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tracings from a dog with intact 
vagus nerves taken at an interval 
of about ten minutes. N show: 
the effect of 35 c.c. normal adrena 
blood, S that of 


the same amount 


cupying 32 seconds, as indicated 
by the break (4) in th 

] h b] od pressure curve 
companied by its own base- 
which also gives the time in 
onds Iz belongs to the cur N 
to Phese recor ire part 
of Experiment V, Mav 20, 1898 
licure 2 gives similar records from 


Ikxperiment VIII, May 31, 180% 
In this case the amount of eacl 
kind of blood was 65 c.c. and thi 


injections were made after the d 


had received a full dose of atropin 


The vagi were accordingly com- 


pletely paral d, and the effects 
consist in ri of blood pressure 
and acceleration As | 
+] +] ] r ¢ 
4 
stimulation b d, N that ! n 


lines These f how pl unl 

that a given bulk of adrenal blood 
taken during stimulation has a 
decidedly eater effect than the 
same bulk of normal adrenal blood 


meaning by “normal” blood that 


which was taken when not stimu- 


lating. With the vagi intact in the 


: of stimulation blood. ‘The blood 
in both cases Was niected slowly 
— 5 into the external jugular vein at 
pnerat } i! 
body-temperature, the injection « 
~ 
=z mal blood, ves the time and 
: , duration of the injection, while Ts 
. 6 and Tw are the respective base- 


Scere ry Neri S Lisle ( d 4 
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ctiect pal tin 
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b 
‘ 1 ill 
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No of 
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1 2 3 4 
Condi 
tion of Amount and character of injections (+) 
Vag 
II Atr +) ‘ ) ) 635 
Cut l¢ | ( ( ‘ 
VI Int ( 30) 50 () t it 
\tropinel 40 () ) 30) 30) ! ( 
VII LAtropinel 3 1() 1) | 0 ( 0 ) 
VIII Atropinel ¢ 65 ( 10 ( 


Secretory Nerves to the Suprarcnal Capsules. > 
5 6 
(+-) 
} ( t 
] 
» 
\ per hye 
A per | 
| 
— 
\ per tit 


212 G. P. Dreyer. 


been abolished cither by section or by poisoning with atropin 
(Column 2, page 210). Wherever atropine was employed it is to b 
understood that the drug was given in sufficient « 
completely the inhibitory fibres before the injections to be test 
were made. 


In xp. I the reaction dog furnished the blood used for injecti 


in the remaining experiments the blood in each instance was drawn 
from another animal. 


It will be observed that Columns 3, 4, and 5 are each subdiy 
into eight subsidiary ones, headed r« spective lv by the first « ht 
letters of the alphabet. These letters have th ume sienifican 

wherever they occur in this paper, and refer in each « t ib 


specimen or other reagent tested on the reaction dog. a, m 
blood from the femoral vein; 4, blood from the adrenal vein pre US 
to stimulation of the splanchnic nerve; ¢, blood from the adrenal vein 
during stimulation or, briefly, Ist stimulation blood ; ¢, blood from thi 
adrenal vein after the first stimulation period or, briefly, Ist interval 
blood; ¢, blood from the adrenal vein during a second stimulation 
period, or 2d stimulation blood; /, blood from the adrenal vein di 
ing the 2d interval; ¢, normal saline solution; 4, extract of adrenal 
gland of no definite concentration, the figures giving simply the volume 


of the injection. In Column 3 the temperature of the injection is indi- 


cated by figures standing immediately beneath thos ne the volum 
where no temperature is given, it is to be understood that the injection 
was made at room temperature. The figures in Column 4 give th 


changes in the heart-rate per minute resulting from t 
minus sign in front of a number indicates inhibition; a plu n, 
acceleration. The blood pressure changes (Column 5) are recorded 
in millimetres of mercury, the minus sign here signifying a fall of 


blood pressure; a plus sign, rise of pressure for so many n 


of mercury. In respect to both heart-rate and blood pressure th 
fivures give the maximal effect for the injection, and were obta lb 
taking the algebraic difference between the pulse-rate and blood 
pressure for the ten second period just preceding an injection, and 
the pulse rate and blood pressure, rr spective ly, for that ten second 
interval after the injection when the effect was greatest. Lastly, 
Column 6 furnishes certain miscellaneous general data of more or 
less importance to the correct interpretation of the result. The 
remarks being written out in full will explain themselves 
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into does with in 
mums — Owine to the lack of sufficient ntit 
m:quemtly happened that only a sin ! ot t 
made. In such cas they were | erably ma 
vac] had b n thrown out of funct } i t 1 1 t ! 1 t t 
vas a little more certainty of detecti nd estimat 
ences in the b 1 pressure chan , r th 
when complicated by inhibitory cttects on the heart. | t 
the table contains only tout mparatiy test 
vagus nerves. Th occur in Experiments I, IV, \ ivi. W 
it will be en that the stimulation b d thi t ova { { 
rise of pre ire and except in Experiment I a { 
The differen In favor of th timulation bl] | 1 ! 
marked, ranging from one hundred per cent upwat | 
Exp. 1. wed rt 48 per mit 1] 
+5 Ce 
co ce. 12 
5 Cx. 24 
Phe exceptional result far the heart-rat eras 
I is, in all probability, accounted for bv the fact that { 
blood was injected at room tempcratu This bein 
Deiow that of th or (appl matciv 2 ( ), it 
direct effect of the | temp tur nm the heart must 
turbine factor, tl stent of tl nfluen rvil th t 
of the injection. That th the correct planation furt 
cated bv the fact that the l nstriction { t 
etfect, was even in this ca reater { tl tim { { for 
the normal. The unusually mat ne of th ' 
this experiment must therefore be 1 irded. as tl 
| 
of cold and of adrenal substan 1) ting to pi 
the same direction. Compare a t 1 b 
on th une doe after the exhibition of atropin 
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Effects of “b” and “c’’ compared, when injected into dogs after section 


or complete paralysis of both vagi.— The number of observations of 
this cla vas considerably larger, but the results were equally unt 
form and in the same sense. Thus, in 
Exp. | Re C.C. ywed heart 20 per min | raised pressure 22 mm. H 
16 26 
Il. 40 ci cken rt S per min. and 1 1 pres | 
10 62 
“ 28 ‘ 
( } 
\ c.¢ O6 
OO 
CA $5 54 
CA iS 
CA 13 
JO | 
35 ¢ a 
55 CC. 34 
OS C.¢ 30 OS 


In this series Experiment I again presents the only exception in that 
it gives a slowing of the heart for both normal and stimulation blood 
where acceleration should occur. This result, however, only confirms 
what was said above concerning the part played by the low tempera- 
ture at which the blood in this experiment was injected. The re 
tarding influence of the cold acting on the heart directly simply 
over-compensated the accelerating tendency of the adrenal blood. 
In the remaining experiments the stimulation blood cither equalled 
or surpassed the normal blood both as to the effect on the heart and 
on the peripheral vessels. Experiment VI furnishes a particularly 
interesting and striking illustration of the influence which stimulation 


of the splanchnic nerve has on the content of adrenal substance in the 


blood. In this experiment I was able to continue the collection of blood 
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minute and 58 mm. rise of pre t] 5 
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of the splanchnic nerve augments adrenal secretion. A point of 


VC 


] 
) 


Diaced 
i 


reat interest arises here as to the inte rpretation to 


this fact. Is the augmentation to be ascribed to a direct influence of 
the nerve on the metabolism of the secreting cells, or is it indirectly 
produced by the accompanying vascular phenomena? Increased 
functional activity is commonly associated with vascular dilatation 


ind increased blood-ilow, and in some organs, for example the kid 


neys, the vascular change is the direct cause of the functional varia 


tion. Does a similar relation obtain for the suprarenals? This is a 


] 


legitimate question, and if the results showed a regular variation in 


the outflow from the adrenal vein accompanying the stimulation it 


1 


be difficult to reach a conclusion. 


It is well known that stimulation of the splanchnic nerve does 
produce extensive vasomotor changes. In my experiments the 
customary rise of general arterial pressure produced by such stimula 
tion was regularly obtained. In fact, as previously stated, this reac 
tion was relied upon to indicate the maintenance of irritability in 
nerve. This general rise of pressure in itself would tend to increase 
the blood-supply to the adrenal, provided its intrinsic arteries did not 
participitate in the constriction. Far from being constricted Bied] 
has shown that they actively dilate on account of the vasodilator 


fibres supplied to the gland in the splanchnic trunk. Local dilatation 


simultaneous with general constriction constitute the most favorabl 
condition for increasing the blood-supply to an organ, and one should 


expect the outflow from the adrenal vein to show a marked accelera- 


tion in the stimulation periods. As a matter of fact Table I presents 
examples of every possible relation between the rate of outflow and 
the increased functional activity attendant upon stimulation of the 
net The a outflow in a given stimulation period om 

times the same as in the preceding period of rest, and when it was 
hanged, th han \ is frequently retardation as ac ration 
Phe reason for thi not far toseek. It must be remembered that 
th onditions of th periment necessarily indu i steady declin 
of blood pressure in the d from which the blood is being collected 
This follows not only from the extensive abstraction of blood (rang 
ng from 150 c.c. to over 700 c.c.) but is due also in part to the unavoid 
ible partial exposure of the abdominal viscera with its accompanyin 

fall of temperature and increasing vascular paraly In t CC 


sive half-hour periods, therefore, regularly less blood should be ob 


\0Ull 

Biepi: Archiv f. d. ges. Phystol., 1597 Ixvill, p. 443 


Sccretory Neri lo lhe Supra r/ 
stimulation. 1 ther this fact 1 
of stin tion emy lint \ 
tion period tend ( | 1 
to nad int t tiny 
«lt i i 
{ l 
How tor tl pel t be t { 
1) ternal _ Ait ‘ | 
that Noon 1) nere 4 
chang observed In ps 
vhich sionally com nto play nd that 
+ +] +4) ot. ] ea ‘ 
feren to the out from the « ) 
vein and cannula CST lly apt to « = 
low, and Can be la icd DY ust ( 
mended abovy n another connection 
Concl \ 
Phe 1 nt advances in our knowled f th Al , 
organ vecially in that of the ral duct 
n hapter on Internal Secretion ] 
Natura \ qd to Ul \ l ( ) 
upon specific nerves Phe idea of t (11 
to 1 t t fin conn n 
ret 1) Bi the rete we ( 
this point, and shows that as carly as 1 > Wy 
means an one, although all t ( t ch 
b led to Biedl for brineu { 
11 Ono of for the existe e of 
an internal secretion has been obtained { { 
| dct 1) ) | | | 
ob { 1) h not vet > A 
~ ( md \ 


2198 G. a Drey 


ion of this problem. It appeared that the blood drawn from the vein 
durin timulation has no less, or at least no significantly less effect 
than that drawn previous to stimulation. An increased action 
Was not present And again, on page 48t: “I am fully aware 


that I was not in a position to bring forward exact evidence for thes« 


My results recorded in the preceding pages furnish the first de 
monstration of the actual existence of nerves for controlling an 
internal secretion, Starting with the fact first discovered by Cybulski 
and now abundantly confirmed by Langlois, Biedl, and myself, that the 
internal secretory products of the suprarenals pass directly into the 
blood stream, it has been shown in the first place that the amount of 
the active substance can be increased by stimulating the splanchnic 


nerve below the diaphragm. This conclusion necessarily follow 
from the fact that the blood from the adrenal vein collected « 
stimulation of this nerve produces the characteristic adrenal reaction 
with greater intensity than the blood taken before stimulation, com- 
paring them volume for volume. It has been stated by Biedl]! on 
a prior’ grounds that the stimulation blood might be poorer in 
adrenal substance in spite of heightened activity of the gland becauss 
of its more rapid passage through the organ. The same author is 
also responsible for the statement that with repeated injections of 


adrenal blood of the same concentration the reaction becomes weake1 


and weaker. I have made no attempt to verify this last statement, 
as I regularly injected the stimulation blood after the normal. The 
stronger reaction with the former must therefore @ fortior? signify 
increased concentration if Bied] is right. 

Secondly, it has been shown that this effect of splanchnic stimula- 
tion can in no way be referred to the indirect effect on the blood-flow 
he gland. The increased secretion is observed whether the 
outtlow from the vein increases, decreases, or remains constant 
Under these circumstances it is not justifiable to suppose that a 
causal relation can obtain between the phenomena heightened activ 
itv of the gland and rate of blood-flow, and the conclusion that the 
splanchnic supplies true secretory fibres to the adrenal is extremely 
probable. The proof is as strong as the method employed is capable 


of yielding, especially when the number of the experiments and the 


uniformity of the results are considered. We must look to other 


methods for corroboration, and perhaps a repetition and extension of 


tatements.”' 
| 
' BIEDL: Joc. Pp. 443 
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IN SOME ANALOGIES BETWEEN THE PHYSIOLOGI- 
CAL EFFECTS OF HIGH TEMPERATURE, LACK 
OF OXYGEN, AND CERTAIN POISONS. 


By WILLIAM D. ZOETHOUT. 


4 £4 ry the Uni 
])* LOEB has expressed the opinion in his lectures that high 
temperatures and other strong stimulations affect the organism 
in the way that lack of oxygen does, and it was with the intention of 
testing th ctness of this supposition that the following se1 of 
experiment is mad 
The theory that strong stimulation acts like the want of oxygen i 
based upon Hoppe-Seyler’s theory of oxidation.’ In the « 
cesses of fermentation take place, by means of which highly r 
ubstances such as nascent hydrogen are formed. Thi \ 
unite with atmospheric oxygen, if it be present, forming oxidized 


products (H, + O H.O+QO) and setting free atoms of oxygen. 


The ft toms of oxygen are then capable of oxidizing other sub 
stances ( ur, lactic acid, etc.) at the low temperature of the animal 
body But if oxygen is not present, the nascent hydrogen can 1 
duce the substances in the cell and thereby form new p: 


embryo beats normally about 120 times a minute at a certain tem 
peratut If deprived of oxygen, the rate is reduced within 
than an hour to twenty beats, but the heart continues beating at thi 
rate for over twelve hours. The embryo heart of Ctenolabrus, on th: 
other hand, if deprived of oxygen, after a few minutes stops almost 
suddenly without any considerable previous reduction in the rat 
Thus the two hearts differ to a remarkable extent. The stopping 
of the Ctenolabrus heart can hardly be due to lack of energy, for the 


1 Hor EYLER: Physiologische Chemie, 1878, i, pp. 126 ef se 


2 LoEn, J.: Are f. d. ges. Physiol., 1896, Is pp. 249-2094 


Wo, INIT, Py 


normally not found in the body. The bodies thus formed may be 
more or | njurious; in fact, they may act as violent poisons. 
It is by means of this theory that Dr. Locb accounts for the diffe: 
ence which he found in the behavior of the heart of Fundulus and 
Ctenolabrus when deprived of oxygen. The heart of a Fundulus 


The Physiological Effects of High Temperature 
muscles of the body still contract after the 1] rt | to | 
In the ca f the Fundulus heart, ener { { 
which continue many hours without o: DI fu 
fermentation the more rapid beat, n redu 
is no doubt the result of oxidation; but t 1 rq t 
labrus heart is probably not to be expla t t of mat 

| 

for fermentation. The most reasonable exy t f t 
in the behavior of the two hearts t lack of 
nished by Loeb from experiments on th ft t t 
early stage of cleavage. When is. bst 
formed in the « of Ctenolab: which pr tit 
and which d Ive the cell-wa y for —In 1 { 
Fundulus this does not take pla but t ! 
for many hout 

It seems probable that such substan re form t] 
heart as well as in tl ( of Cte abru | { 
enerev of vital action is chemical, but to ay { 4 
chemical energy (produced by fermentation L 4 
transformed into molecular energy. ‘To obtain tl cert ( { 
of protoplasm must enist, and these condit { 
in the living heart-muscl But in tl ibser { 
are formed by fermentation which may 1 most 
orave chan in the protoplasm, ‘ t 

IN Osmotic pre Ire, in thre lin pl 

char vould prevent the transformation ft 
energy into that molecular energy requii { fic ] 
activity 

It m be added that the injuri b ! be fort { 
Ways. First, they may b th ] ict tit | 
this case they would be oxidized, if oxygen were | 
rendered harml - but if oxy n were absent, they 
their original form, and might produce destruct results. 
th e bod may at Irom fermentat n ! ; 
of the fermentation products reducing material nor t 
the cell and thus making it harmful Th t ! 
if sufficient oxygen supplied It furthe that 
if Hoppe-Seyler’s theory of oxidation correct, t 
furnishes energy by oxidation but plays an equally it rtant 1 
the synthetical action by which complex bod are built 
undergoing fermentation 
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ations it is evident that death by lac 
ne of two causes: (1) Too little reserve 
rmentation. Here the necessary energy is almost 


mn oxidation, and if the oxygen is not supplicd 
1 of the organ or organism results almost instantly. 


yrmation of substances that render the transformation of 


molecular energy impossible (Ct 


|, the fer- 


o great that the oxygen supply will be insufficient 


‘substances formed. IHlence the same con- 


lting from 
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ymmon infusoria, Paramaeciut 


ind three deep, 


mp 
( oolu 


one dk 


to balance the 
of the water was maintained by a 
ras flame. 
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(a) Different temperatures. — The closed dish (not admitting air) was 


with Paramcecium culture and placed in water of the desired 


ul 


Column 1 of Table I gives the length of time in minutes 


the resistance of Paramcecia 


From. thes« 
oxygen may be 
material for f 
directly dependent 

We said there med to be reasons for believing that hich tem- 
perature and strong stimuli in general act as does the lack of oxygen. 
As by stimulation the processes of fermentation are increased, it i 
evident that if the stimulation be severe and long continuci iii! 
to oxidize all the 
ditions would obtain as in lack of oxygen, and death resu [RR 
high temperature could be referred to one of the above two causes. 

It was with the object of testing this theory that, at the requamm of 
Dr. Loeb, the following experiments were made. Our investigations 
comprise (1) The effect of high temperature, (2) of lack of oxygen, 
and (3) of poisons upon the aurclia 

HiGit TEMPERATURE. 

The experiments on the effects of high temperature were con- 
ducted in the following manner. On a warm sta was placed a 
vlass dish, ten centimetres long, six and a half wide, RR 
half-tilled with water heated to the desired temperature. The Para- 
nuecia were placed in ve ls of two ditferent kinds, — the first 
closed dish, holding thirteen to fourteen drops, and admitted no air; 
the second differed from the first chiefly in that air was admitted. 
Ph dishes were so constructed that their contents, having a small 
bulk and a large area, and being separated from the heated water by 
thin glass, very speedily acquired the t rature of the surround- 
ing medium. In order to allow for the a. of the water by the 
vessel, the water was always heated HEE above the desired 
tempecratul 
revulated 

tnp 
required to kill all the infusoria. .\s [__ 
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varies slightly and as is impossibk 
same conditions, it is not surprising 
uniform. From these experiment 
life does not decrease in prop 
nore rapidly. 
Similar experiments were mad 
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authors that acclimatization to high temperatut t 
lo of water from the organism Daven so ( { 
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TABLE I. 


Litt IN MIN 


Temperature 1 
In Paramee- In Parama 
cium culture. cium culture 
Closed dish Open dish 


the water in the cell (lowering concentration) or by raising the tem- 


In some unpublished researches on Fundulus eggs, prior 


publication of Davenport and Castle, Loeb investigated the 


224 
Duration of life of Paramacia at different temperature in open and closed dishes and in 
solutions. 
DURATION OF Urs. 
In } NaCl | In} NaCl NaCl 
solution. solution solution 
Closed dish. | Closed dish. Closed dish 
165 
2+ 72 82 144 
| 
115 2+ 9 | 73 
100 24 72 
4 362 16 58 
7 HA i S 
13 19 10 
14 } 6 
| 
1) 19. @- 12 1? ) 6 
} 
| | 
‘ 
S ) | owes 
| 
| 
| | 
+4 
+} 
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as hi 


with t 


LillS 


ju 
ments, employing sodium chloride 


ont 


The results are f 
ry evident, from these experit 
the concentration of the solution in 


solution considera 


life when subjected to high temperatut 
) Acids and alkalies, - We next ma 
ids and alkalies to ascer 
ich the infusoria were heated hi 
sistance to hightemperature. Tsotoni 


acid, and sodium cl 


same qui . He found, how that 
raising the i-water, the « vere not able t 
withstand when in norma t 
I that we made a | 
0.5, 0.25, and 0.125 per cat. The experiments were pertormed by 
carefully placing thirteen drops of the required lium = chlorid 
solution in the closed vessel and adding one drop of Paramercium 
tumns 3, 4, and § of Table 
nents that with the increase of 
hich the Parama:cia live t 
power to high temperature is decreased, Even a pet 
cent sodium chloride HN») |y decreased their duration 
ot 
a 1 seri of experiment 
Wi er the reaction of t fluid 
in effect upon their] Vel 
lutions of sodium hydrate, 
hydrochloric |oride were made. The dis] 
nearly filled with a certain per cent lution of alkali, acid, o1 m 
chloride, a drop of Parameecium culture was added, ar 1 then the 
dish was heated in the water-bath to the required temperatut | 
II vives the resuits obtained in some experiments witl lium hydrat 
solution, the Parammmmcia being heated to 4o° C 
FABLE Il 
NaQel | 
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From this table it is evident that a weak sodium hydrate solution 


increases the power of resistance of Paramccia to the 


destructive effects of high temperature. This result was verified by 
t 


many subsequent experiments. The result of one lot comprising 


about sixty experiments is represented graphically 


4 


this heure the degree of concentration of the sodit 
hydrochloric acid solutions is represented by the 
he ordinates denote the time in minutes which Pari 
these solutions at 40°C. The full-lined curve represents 
of life at 4o° C. in the various concentrations of sodium hydrat 
the broken curve denotes the length ife in hydrochloric 

ons at the same temperature. The dotted line at 20.5 minutes, 
unning parallel with the axis of abscissa, shows the length of time 
which Paramoecia live in distilled water at 4o’ C. As one sees 
from this figure, the alkali curve between the concentrations of 


45% and sob: is considerably above the straight line which repre 


I duration of life of Parameecia i ( yar 
ine) solutions, at n distilled water tt t 
r cent of con ntration ot acid and aikall Solu we a r i ive 


Experiment 208 


experiments 
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after 15 minut 
Now this 


to its o 


is due t 
chloride 
From the 


hydrate ( 
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sents the duration of life in neutral wate In t icid thor 
however, the duration of life (represented by bi n 
everywhere below this line howine the acid ition of con 
centrations are injurious if they have any ettect at . If the cor 
centration of the alkali solution reater than t ' 
injuriou 

act n of awe ak alkali lut better ! thre 
following detailed description of two experiment 
| | 
Experiment 207 PY 
Thirteen dr f tille tel P | f 
drop of Param ! ilture r | 
After to 1 Mover t ver a After ] 
much rotatl Att I et ! ng 
After 15 min. — Many quiet 
slow | After ( t: the 
After 20 min. — All dead. rest m 
| After 251 \ few rest h 
show that the conditions after 25 minut n 
ion at 4o C. correspond very nearly to that 
tilled water at the same temperature 
effect of the alkali solution micht be due (1) 
GEMM sotic pressure, or (2) to its chemical qualit If the etfect 
osmotic pressure, an indifferent) solution, ich a odium 
a: same osmotic value ought to have the me ctlect 
molecular weights of sodium chloride (58.5) and of sodium 
40) we find that a , NaCl and a , solution 
have the osmotic p1 ure of 7.239 and 10.602 mm. respectively, not 
taking into account dissociation. A olution of sodium chlorid 
and sodium hydrate have the osmoti tlue of 1.8 and 2.6 respec 
tively. As the increase in duration of life caused by alkaline lu 
tions is found between these two limits, we are chiefly concerned 
with these percentages, and here the differences of osmotic pressure 
for the same percentages of sodium hydrate and sodium chloride are 
o small as to be safely ignored. 
Table III gives the averages of the results obtained in th dium 
chloride solutions at 4o C 
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TABLE IIL. prove that 
ing the 1 t- 
Dercenta f Duration of life heat. 
0) ctorc be duc to 
O74 its osmotic pressure, but must b 
0.35 0 due to chemical int) = 
01 16.0 In the wich we 
- oe tried the effect of alkali we also tried 
oe the effect of acid solution. For con 
21.6 venience of comparison we employed 
, 19.7 hydrochloric acid solutions isotonic 
00.4 with those of sodium hydrate. The 
osmotic pressure of a hydro- 
chloric acid solution is th ime as 
that of a ;! sodium hydrate solu- 
tion \ hydrochloric acid solution corresponds to a 
dium hydrat olution. The results of experiments with hydro- 
chloric acid lutions are represented by the broken cu in iy a 
This curve shows that if acids have any effect at all, they ha the 
opposit ffect to alkalies, namely, shortening the life of Paramacia 
ubjected to high temperature. Never does a hydrochloric acid 
olution increa the power of resistance against high temperature, 
but even such a weak SR a soy per cent decreases the dura- 
tion of life at {3B five per cent. 
We have th l=! of alkali in lenethening 
(37-40 ) is not 
have seen that acids do not 
se considerations we may 
ubstance is formed in 
mut the destruction of 
the o1 ralized by alkali but not by 
acid. This might lead us still further to suppose that th ibstance 
formed is an acid. 
LACK 
From. th 
of this pape 
at a 
OX) would have the same effect a 
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| 
following series of experiments on lack of Ox ) Li 
cCliminated Lie Isutlal | ) i 
this purpose the w snown Engelmann gas-chamb 
The hvdrogen was carefully washed in a pota m4 
solution, a concentrated solution of pota im hy { 
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a Of pota ) 1 
metres thickness. ‘Ail these precaution I taken t 
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the hydrogen. In the Engelmann chamber \ { 
ra to which were attached two rubber rin { rt } 
in diameter, and one millimetre hig! The cells t f 
capable of holding seven drops of fluid In of t 
placed six drops of water and one drop of w @ 
7 1 11 } 41 + 
the other cell held six drop f the alka } 
| | 
washed Paramaecia. The current was then let in, ! 
of the anima observed and the time of « 1} 
As the alkalinity of the water in mot 
siderable and as the alkalinity and the « ntration of 
mav varv from day to day, w th it t 
Paramercia. It is well known that the Parat 
1] + ] nad thea { | ] 4 
below the surface It is therefore easy to ce t 
of the infusoria without takine much of 
Chey are then placed in tub of distilled . a 
lieht difference of concentration and alk 
the varyvin treneth of the hyadti n current t 
consideration; when the current 1 tron the tit 
ot course De much ik than w | 
evident that individual experiment not t 
each other. Tor example, it would be 1 
ments 2405 and 249 
experiments 248-254 of Table I\ e thes 
show that in a weak all ition t | m 
lack of oxveen for alonger ti than is t t 
the effect 1a weak a { l 
Is the me a in t Ca 1 t { 
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ance of Parameecia is increased. To show that here also the influ- 


ence of the sodium hydrate solution is not due to osmotic pressure, 


we compared the duration of life in water and in a sodium chloride 


solution. Experiments 387-396 of Table IV give the results of this 


he increase in the sodium chloride solution is very slight 


inquiry. The 
compared with the increase found in Exp. 248-254, where sodium 


hydrate solutions were employed. 


TABLE IV 


Durat f Parameci f on 
Duration of life in minutes 
Increase in Increa I 
Nal NaQll ver 
Water. or NaCl 
N In Nat In NaQll 
Ex} 
In 
Solu lim Solu lime 
In mir lh In mit | 
n In m tl no min 
‘ 1? 0 
62 } 66 } 64 
393 25 +5 20 SU 
304 13 IS e600 5 10 
395 ll 1] 0 O 
SO 15 95 SO 540 
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These last experiments 
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therefore no dou 
perature, the peculiar etfect of 
pressure. 
It still remains to show the 


action of hydrochloric acid compared 


From this table it will be observed 
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in case of lack 


Meee |) more clearly we compared the effect of an a 
Eee salt solution side by side, the results of which ar 
FV. The sclution of sodiam 
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To show the favorable action of a sodium hydrate solution in de- 


tail, we append the notes on Experiment 247. 


Experiment 247. 


ium aurelia subject to lack of oxygen. 


-r of the Paramaecia are placed in distilled water ; e others, i 345 per cent 


linto Engelmann chamber 
hem are rotating 
smauer are 

till swimming in 


the water appear much 


remalning 


aliKall are SU 


1 + 
he aika 


moving siowly 


shown that alkali solutions of from 3} to 


resistance power of Parameecia to both high 


perature (4o° C.) and lac - oxygen. In this respect we 


shown the similarity between the physiological effects of both. 

have further shown that this action of the alkali is not due 
osmotic pressure; hence it must be due to its chemical composit 
Again it has been proven that acids do not increase the ] 
resistance to these two agents, but that, if at all active, they have a 
weakening influence. This might lead us one step further in our 
theory, namely, that the peculiar action of the alkali in these circum- 
stances is due to the fact that it neutralizes a substance, perhaps an 


acid, formed by strong stimulation and during lack of oxygen. 


INS, 


the observations of Claude Bernard it has been proven 
! 


an animal is killed by potassium cyanide the blood in the 

ins arterial, and Geppert proved that potassium cyanide 

ucs unable to take up oxygen. Such a manner of 

death is therefore comparable to that brought about directly by lack 
‘n. If this is correct, we ought to be able to demonstrate in 
case of poisoning by potassium cyanide, the peculiar action of 
found in the case of lack of oxygen. With this in mind, 


made the following series of experiments. 


\ 
im hydrate solution 
Che hyd introduce 
1.50 P.M In t dist vater, ng 
SWimming. In the , a 
3M en, | ga t twice the size of those in the alka 
2.05 P.M. Har iny lif ft in the water \bout ilf of those in the alkali are still 
! it quite lively ; a few ab tely quiet; the =__< rotating 
2.15 P.M Non fe ft int water \ it half of those in the miimmmmmre still mov- 
2.35 P.M About on rter of those in tI]i swim quite briskly. 
2.45 P.M In t ilk few are stil] 
Exh ment bted, 
Thus we havc pcr 
1 
have 
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Inasmall dish, cight or ten drops of distilled te 
to which \ idded one drop of Parama rand « ( ) 1 t 
chemical agent to b tested. In a nd dish, tl tet | 
placed by a solution of lium chlorid d ») hydrate, o1 
chloric acid, while the rest remained th m In 1 tof t 
xperiments three trials were made at once, one in ter, « 
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TABLI 


tassium cyahk 


Increase in mil 
in NaOH 


over 


er cent sodium chloride is used, de 


lium hydrate s used, death occurs in about on te | on per cent pot: 


yanide has a strong alkaline reaction 


alkali solution, and the third in a sodium chloride solution. The 


three tests were made side by side for ready comparison, and at 


exactly the same time. 
We first made experiments with potassium cyanide, the results of 
which are embodied in Tables VI and VII. 


234 
One per cent po=Eimmmmmmmmmale ; effects of acid. 
Conditions the same as in Table VI 
Duration of life in Fo Increase in 
minutes in NaQll 
— over 
No. of \verage increase in 
Exp NaCll 
I In I 
n 
HCl NaOH 
HO HCl HO HCl 
267 | 10 IS o S 50 SO) 
265 1] 5 7 175 
269 } 7 2 +0 135 
270 9 S 12 3 } 35 50 
| A crease in 
mil er 
272 5 5 S 3 3 60 60 
() 58 
273 S 13 5 +5 63 
+4 or 64 
274 7 7 12 5 5 70 70 
205 7 6 7 U l 0 l Ay. increase in 
76 S S 1] 3 min. ovet 
244 10 9 15 5 6 50 65 
Hic 3.4 
lf 0.7 death occurs almost instantly. per 
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rABLE VIIL. 


phat of Atr ette 
NaOH, NaCl, or HCl 


> 3 
-3 
One tenth per cent sul ' fa ; 
ight drops of H,0 lution 
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t 
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TABLE IX. 


S ilphate of strvchnine 0.01 per cent; effects of alkali. 
Kight drops of H,O, NaCl, NaOH, plus one drop of washed Parameecia plus one drop 


of 0.01 per cent sulphate of strychnine. 


Duration of life in Increase in NaOH 
minutes over HO 


In In 
NaCl NaOH In min. 
1 


From these tables it is apparent that a weak alkali increases the 
power of resistance against potassium cyanide while a neutral or acid 
solution does not possess this power. In fact, while the extreme 


weak alkali solution of so'95 per cent still increases the time twenty 


three per cent, a solution of 1;'55 per cent hydrochloric acid cither 


No. of Average increase of 
| over 
In or NaCl 
1 
In 

30S 5 0 

310 1] 1] 7 | 65 
11 5 3 } 
312 5 6 l + SU 
313 10 ll 3 7 | 70 
317 6 } } 2 35 
x18 6 6 2 35 +() 
319 2 2 50 

| 

322 5 5 { ] 20 

| 
323 5 5 5 9 

324 3 5 3 0 } 0 
325 7 9 6 l 15 


shortens the time or has no etfect whatever. 
sodium hydrate is not due to the osmotic pressu 


ments 256-265, where the ditterence of 


+ 


chloride and sodium hydrate solutions 


From observations made by RKossbach 


loids may also produce death by rendering 


up oxygen. This led us to test the actio1 

case of poisoning by atropine, strychnine, et 

with atropine poisoning are embodied in Table VIII. 
In the experiments with atropine, the beneficial 

hydrate is still better shown than in the case of 

When it is remembered that the 


reaction, it is evident that this action of 


to the neutralization of the alkaloid 
alkali is not due to a general stimulating effect 
of the poison, the following experiments on 


prove conclusively. 


Sulphate of strychnine 0.01 per cent has 
but a stronger solution is decidedly acid in 
sodium chloride is used, the Paramcecia peri 

From these experiments it Is apparent 


solution, instead of exercising benefict 
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TABLE X 
Sulphate of strychnine 0.01 per cent; effects of 
Conditions t ime as Fable IX 
Duration of life in minutes Inere in Nat 
f 
f \ | 
xp ‘ 
In Nal In 
In HO Inn It 
i 
1s 13 ()f N al 
32 1] ] 1] 7 
10 effect upon the litmi 
reaction If per cent 
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that a sodium hydrat 


W. dD. Zocthout. 


23: 
destructive. This is so radically different from the trend of all the 
preceding experiments, that I doubted the purity of the solution. 
But on testing, I found that the Parameecia in a x} 9 per cent sodium 
hydrate solution lived for more than three hours. 

Considering that the strychnine is acid in reaction, while the 
potassium cyanide and atropine solutions are alkaline, we would a 
friort expect that an alkali ought to be more beneficial when added 
to a strychnine solution than to the others. Instead we found the 
opposite . Most likely the chemical action of the strychnine in 


the cell is different from that of potassium cyanide or atropine. This 


corresponds with the difference in the physiological effects of these 


i 


poisons. But even in some alkaloids having an alkaline reaction, the 
addition of a weak alkali acts unfavorably, as is shown in Experiments 


arameecia 


If a z} ’ HCl solution is used, the cia < almost instantly rhe 


reaction of this veratrine 


W355. 
TABLE XI.— VERATRIN} 
"Thirty-five m f veratrine boiled in 10 e.c. of iter al tere 
Eight yps of TIC], NaCl, or NaOH solutions plus o1 rop of washed 
plus two al Ss of ratr 
Duration of life in m te 
Decrease 
N f Exp In NaQOl NaQOll 
In HO, 
355 28 l 26 
356 10 3] 
Is 15 
HC] 
358 34 
solution is slightly alkaline. 
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anv real changes in the ou rd form IX : 
edge of death at high temperature by shown that all thor 
are able to revive cilia in heat rigor. | » Veal ter kes mans 
1 See KUHNI ntersuchungen ver Prot 
Leipzig, 1864 
> Sacns, J.: Flora, 1864, xlvii, pp. 5, 24, 33, 65 
M Virchow’s Are f t \nat XXX 
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confirmed this fact. Speaking of this relation between 
alkalies he i\ ‘It seems to me that the increase of 
act y of the cell and the acceleration of the movements 
by heating, are mostly due to the increase in the phy 
metabolism (Stotfumsatz). According to our view, in 
whose movements are increased by heating, the formation 
increased. This increased acid formation can, in part, be 


of the rigor which sets in at Rossbach thinks that we 


not in general consider coagulation as the cause of the 


movements at 


Our conception agrees somewhat with that of Engelmann, 


also, to a certain extent, the facts found 


Our object, as stated in the intros tion, was to endeav 
tablish th milarity between the effects of high temperat 
la of \ n Heat, below the point of coagulation, by in 
fermentation t chemical energy, which can be tran 
into molce ir en Vv, ap rin n such vital phenomena as 
motion, contracting of vacuol ct 

But we have above supposed that if the stimulation be very 
ind of long « ition, the onidation would be insufficient to « 
th ducts formed by fermentation, and that thes 

th ontents of the in cha way 
t han f chemical into molecular energy imps bl 
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eith by n ra ne their effects or by attacking the sul 
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themselves, alkali delays death Secing thev ar hard 
by alkalies and not by acids, it ms | le that 1 
formed by fermentation are acid | th 1 
ments of Gaule,’ who made the important ry that 
sodium hydrate solution (1: 20,000) 1 
come to rest in a salin lution Ile sl that ’ 
line solution after being repeatedly di n th { t 
went a loss in alkalinity, due, no doubt, t na fort t 
heart muscle. 
\s to the action of potassium cyar tropit t t 
} ¢] + ‘ 
borne in mind that we do not 1 tbstar 
has been well shown by Rossbach in t | t 
author also pointed out tl rit { { 
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ve may consider the « ition of oNidation of 1 prot t 
ultimate action of alkaloid Supporting 
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formation of certain substances which 


al into molecular energy impos- 


substances are in 


express 


n of this work 


12 
hich temperature cause tht 
+1 + - + 
render the transformation of chem: 
ye, thereby producing death. These Si some way 
inttagonized by alkalies, but not bv acids. 
1 
I take this opportunity to m_—-_—_, my thanks to Dr. Loeb for aid 
kindly given in the execcutic iii 


